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Overview: Peter Coyle 
Strategic decision making is enhanced by the consideration of benefit cost analyses of many 
projects.  Each year a selection of projects is evaluated to assist in the determination of the 
most appropriate allocation of funds.  This is only one of the methods that are employed by 
the Department’s Executive to increase market competitiveness and profitability in agriculture 
and the pastoral industries.  This report includes both ex post and ex ante analyses, as they 
are complementary processes. 
The results of the analyses that are in the attached report are recorded in Table 1 below.  
Once again a new set of projects have been evaluated for 2006-07.  These projects are a 
representative sample of the Department’s output. 
Table 1. A representative sample of project benefit cost analyses of the Department of Agriculture and 
Food in 2006-07 
Program and project Benefit cost ratio Net present value (millions) 
Grains 
Annual Pasture Legumes Breeding Program 2.7 $26 
Barley Breeding Project 4.0 $43 
Barley Improvement 3.9 $63 
Animals 
Southern Rangeland Livestock Productivity 2.4 $4.8 
Kimberley Supplement Project 4.2 $0.6 
Pilbara Heifer Management 2.4 $0.4 
Horticulture 
Premium Wine Production 2.5 $6.6 
Variety Development for the Western Australian Strawberry 
Industry 
9.6 $5.5 
National Action Plan for Salinity and Water Quality:  
Demonstrating Sustainable Farm Management Systems  
2.7 $1.9 
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PASTURE PROGRAM 
BENEFIT COST ANALYSIS  
Project: Annual Pasture Legumes Breeding Program 
Consultant: Roslyn Blanchard 
Reviewer: Ross Kingwell 
Project Manager: Clinton Revell Date: July 2007 
Summary of results 
Net present value 
($m) Benefit cost ratio 
Internal rate of 
return 
Project costs 
($m) 
$26.3m 2.72 17% $15.3m 
1. Background 
Pasture legumes have a major role to play in maintaining the profitability and sustainability of 
farming systems in Western Australia.  Their ability to fix nitrogen increases soil fertility 
delivering benefits for companion pasture species and subsequent crops.  Their inclusion in 
rotation with crops provides the opportunity to break disease and pest life cycles and improve 
weed control.  Their high nutritive value also benefits livestock through greater wool 
production, liveweight gains and increased carrying capacity. 
Since the early 1990s a number of sustainability and economic challenges to existing farming 
systems have emerged, exposing shortcomings in the traditional pasture species and a lack 
of legume biodivesity.  According to Nichols et al. (2006) the main drivers influencing 
breeding and selection directions include: 
a) Poor adaptation of subterranean clover and annual medics to difficult soils, particularly 
deep, acid sands and soils subject to waterlogging or salinity. 
b) Poor adaption of subterranean clover to false breaks. 
c) Sustainability challenges for the ley farming system, notably herbicide-resistant weeds, 
seed bank depletion of soft-seeded pasture legumes from increased cropping 
frequencies, and residual deleterious effects of legume growth from crop herbicides. 
d) Environmental concerns from soil erosion caused by vacuum harvesting subterranean 
clover and annual medic seeds. 
e) The need for cheap seed for re-sowing pastures, particularly for short-term phase 
pastures. 
f) The need for specialist fodder legumes. 
g) The need for longer-season plants to maximise productivity in long-growing season 
areas. 
h) The need for deeper rooted plants to reduce groundwater recharge and the potential 
for dryland salinity. 
i) The need for greater annual legume diversity within paddocks to stabilise productivity. 
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j) And, the need to overcome deficiencies in existing subterranean clover and annual 
medic cultivars, particularly susceptibility to clover scorch and root rot diseases in 
midseason and late flowering subterranean clovers, soft-seededness in subterranean 
clovers for cropping rotations and aphid susceptibilty in annual medics. 
These challenges have demanded an expansion in the range of pasture legume options with 
traits to meet the current and prospective farming systems.  Forty nine annual pasture 
legume cultivars have been developed by public institutions since 1991 (1) with 25 of these 
cultivars developed by the Department of Agriculture and Food, Western Australia (DAFWA). 
Variations in the matrix of soil type (texture, pH and fertiliity), environmental considerations 
(waterlogging, salinity), length of growing season and farming system and the need to 
increase biodiversity within paddocks means a range of pasture legumes are required to 
meet specific needs. 
Fifteen new pasture cultivars recently developed with major input by the DAFWA have been 
chosen for inclusion in this analysis (Table 1).  The analysis identifies the costs of developing 
these new varieties and compares these to the projected benefits from their adoption in WA. 
Table 1. Department of Agriculture and Food, WA bred annual pasture legume cultivars 
(Source:  Nichols et al. 2006 − reference (1)) 
Species Cultivar Origin 
Year of 
commercial 
release 
Biserrula pelecinus Mauro¢ Sardinia 2002 
Ornithopus sativus Erica¢ Mass selection 2003 
Ornithopus sativus Margurita¢ Mass selection 2003 
Trifolium dasyurum AGWEST Sothis# Greece 2007 
Trifolium glanduliferum Prima Israel 2001 
Trifolium spumosum CFD27# Cyprus 2008 (expected) 
Medicago polymorpha Cavalier¢ Crossbred 2003 
Medicago polymorpha Scimitar¢ Crossbred 2003 
Ornithopus compressus Yelbini¢ Greece 2002 
Trifolium resupinatum SARDI Persian™ Mass selection 2005 
Trifolium subterraneum Urana¢ Crossbred 2001 
Trifolium subterraneum Coolamon¢ Crossbred 2003 
Trifolium subterraneum Izmir¢ Turkey 2003 
Trifolium subterraneum Napier¢  Crossbreed 2002 
Trifolium michelianum Frontier Mass selection 2001 
¢ Plant Breeder’s Protection granted or pending in Australia. 
# Candidate for release subject to final testing. 
™ Trademarked variety name. 
2. Derivation of benefits 
The benefits of the Annual Legume Pasture Breeding Program are an improvement in 
returns per hectare to adopting producers.  The nature and size of these benefits vary 
according to the pasture species (Tables 2 and 3) and how they are incorporated into 
existing farming systems or new systems to increase whole farm profit. 
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Most of the new pastures deliver benefits to producers due to increased fixation of 
atmospheric nitrogen relative to other pasture options.  This leads to increased soil fertility, 
increased pasture productivity and a reduced requirement for nitrogen fertilisers in 
subsequent crops.  The higher nutritive value also benefits livestock enterprises through 
greater wool production, increased carrying capacity and live weight gains. (2) 
Other pastures generate additional benefits through lower establishment or harvesting costs, 
red legged earthmite tolerance, or improved ability to manage weeds. 
As benefits accrue to producers during both the pasture phase (as livestock benefits or 
decreased costs) and the cropping phase (as increased yields or decreased input costs), the 
benefit of pasture adoption is expressed in this analysis as an annualised benefit over the 
whole rotation.   
The research and development effort captured in this analysis builds incrementally on 
previous pasture research programs that the Department of Agriculture and Food, Western 
Australia (DAFWA) has successfully partnered (such as the CRC for Legumes in 
Mediterranean Agriculture − CLIMA).  Without this research and development effort by 
DAFWA, producers would continue to utilise less productive legume pastures or have to rely 
on poor quality naturalised pasture species.  The varieties considered in this analysis are 
unlikely to have been identified or developed elsewhere.  However, the analysis allows for 
reducing returns from these new pastures over time due to the assumption that other new 
species, technology or management techniques are likely to increase the profitability of 
alternative enterprises. 
Additional benefits are generated through the collection of Plant Breeder Rights (PBR) 
royalties.  These royalties (typically 10-12% of the wholesale price of certified seed) are 
returned to the equity partners according to an agreed formula, with DAFWA’s share of these 
PBR royalties being reinvested in the Pasture Legume Breeding Program. 
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Table 2. Research gap addressed by new varieties 
Cultivar Research gap being addressed – specific varietal benefits 
Mauro A new biserrula suitable to areas of permanent pasture and infrequent cropping.  Suitable for 
acidic and alkaline sandy loams with 450-700 mm rainfall. (3) 
Mauro provides an extended period of green feed (up to 30 days) and better production 
through crop rotation relative to sub clover.  It is also relatively drought tolerant. 
Erica An early to mid maturing hardseeded French serradella.  Suited to acidic soils ranging from 
deep sands to clays in 350 to 600 mm rainfall areas.  It can tolerate short periods of 
waterlogging. (3) 
Benefits include low cost seed production due to the ability to harvest seed on-farm with grain 
harvesters and increased productivity (50% increase over unimproved pasture). 
Margurita An early to mid maturing hardseeded French serradella.  Suited to acidic soils ranging from 
deep sands to clays in 350 to 600 mm rainfall areas.  It can tolerate short periods of 
waterlogging.  It can be used for pasture for hay or silage. (3) 
Benefits include low cost seed production due to the ability to harvest seed on-farm with grain 
harvesters and increased productivity (50% increase over unimproved pasture). 
AGWEST® 
Sothis 
eastern star 
A hardseeded clover variety with potential for controlling herbicide-resistant weeds.  Early-mid 
flowering.  Suited to wheatbelt regions with 325 to 450 mm winter dominant annual rainfall.  
Grown on acidic and alkaline sandy loam and loamy sands (pH 5-8). 
The high level of hard seed and seedling regeneration make it suitable for self-regenerating ley 
systems and short-term farming systems.  Its very delayed germination makes it a useful tool 
for controlling herbicide-resistant weeds.  This allows the use of non-selective herbicides (and 
grazing where possible) at the break of the season for a period of up to 8 weeks to control 
more than 90% of weeds without compromising future pasture production.   
The ability to control weeds early is important for successful pasture establishment.  The yield 
penalty from late sowing AGWEST®Sothis appears to be much less than for current pasture 
legume options. (4) 
Prima An early flowering gland clover with very high resistance levels to red-legged earthmites, blue-
green aphids and cow pea aphids.  Adapted to lower rainfall areas with greater than 375 mm 
rainfall and a wide range of soils from light sandy loams to heavy clays. (3)  Prima also has low 
cost seed production as it can be harvested on-farm with grain harvesters.  It is suitable for a 
range of pasture mixes. 
Bladder 
clover  
Suitable for mildly acidic loams and clay soils in the 350-500 mm rainfall area. 
Has low cost seed production, high dry matter production and tolerance to false breaks.  
Unpublished field trials indicated as much as 80% more spring herbage production compared 
to subterranean clover. 
Cavalier A mid maturing spineless burr medic.  Suitable for mildly acidic to alkaline clay and loam soils 
in the 350 to 500 rainfall areas. (3) 
It has a low level of salt tolerance and shows better regeneration after cropping than hard 
seeded alternatives.  Cavalier is well suited to longer pasture phases. 
Scimitar An early to mid maturing spinelss burr medic.  Suitable for mildly acidic to mildly alkaline loams 
and clay soils and slightly saline soils in the 300-450 mm rainfall area. (3) 
It has a low level of salt tolerance and shows better regeneration after cropping than harder 
seeded alternatives.  Is suited to longer pasture phases. 
Yelbini A very early maturing semi-upright, acid and aluminium tolerant yellow serradella.  Adapted 
to lighter textures soils in low rainfall (less than 350 mm) areas (3).  
It can be grown in deep acidic sands which are not suited to subclover and provides 
increased herbage production (50% more) than unimproved pasture.   
SARDI 
Persian™ 
Suitable for neutral to mildly acidic waterlogged loams to clay loams in the 350 to 500 mm 
rainfall area (3).  Shows waterlogging tolerance and mild salinity tolerance. 
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Table2 continued ….. 
Urana A vigorous hardseeded subterranean clover well adapted to well-drained moderately acid soils 
with an annual rainfall of 400 to 525 mm where the growing season extends to mid-October.  
Its hardseedness should enable it to regenerate more densely than other sub. clovers following 
a year in crop or after seasons with poor seed production.  Trial results indicate 14% more 
herbage production than Dalkeith.  Only has trace levels of oestrogenic compounds.  Well 
suited to mixtures with Dalkeith, York and Seaton Park. (2) 
Coolamon More productive and persistent than Junee.  Suited to moderately acid, well-drained soils with 
500 to 700 mm annual rainfall and a growing season extending into November.  Trial results 
consistently indicate 11% better regeneration density, 10% more winter herbage, 14% more 
spring herbage and 4% more seed set than Junee.  Suited to mixed farming and permanent 
pasture.  Better scorch resistance than Junee. (2) 
Izmir A more hardseeded replacement for Nungarin with greater persistence in cropping rotations.  
Suited to areas with less than 375 mm rainfall.  Trial results consistently indicate 10% more 
winter herbage and 7% more spring herbage than Nungarin.(2) 
Napier A late maturing variety belonging to the waterlogging-tolerant yanninicum subspecies of 
subterranean clover.  Selected for improved winter and spring growth, good seed production 
and resistance to Phytophthora root and clover scorch diseases.  Suited to waterlogged acidic 
loamy sands to sandy loams in high rainfall areas (700 to 1000 mm). 
In field trials its seed bank was 61% better than Larisa.  Late production is 15% greater than 
Larisa and 40% greater than Trikkala. (3) 
Frontier An early maturing variety of balansa clover suited to low rainfall areas (350-500 mm).  Has 
water-logging tolerance and mild salinty tolerance.  Frontier has greatly increased early spring 
production and seed yields relative to other annual legumes in low rainfall areas. 
Low cost production as can be harvested with a conventional header. (3) 
2.1 Calculation of project costs 
The project manager identified all relevant expenses:  salaries, on-costs capital and 
operating costs for the project from both industry (NAPLIP) and DAFWA (CF) funding. 
It was determined that 60% of CF funded time was spent on development of the identified 
varieties, so costs were scaled down proportionally.  An allowance of 150% was added as 
overheads to the salary component of costs. 
An additional 25% of a full time equivalent for an extension officer and 30% of a full time 
equivalent for a commercialisation officer were factored in for the continuing development of 
this suite of new pasture varieties. 
2.2 Calculation of project benefits  
The expected benefits of this project are estimated by approximating: 
● The expected additional value contributed by new varieties to whole farm profit in the 
specified target areas. 
● The size of the target area applicable to each new pasture variety. 
● The rate of adoption over time for each new pasture variety. 
● The attribution of these benefits to the DAFWA. 
● The value of PBR royalties distributed to DAFWA from the sale of these varieties. 
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On-farm producer benefits of new varieties 
Benefits of annual pastures can be difficult to accurately estimate.  Pasture is an 
intermediatory in whole farm production systems.  The principal benefit to producers is by 
way of increased fixation of atmospheric nitrogen with resulting benefits to cereal crops and 
livestock production by way of increased pasture production.   
Unless the seed is harvested and sold, the increased pasture production contributes 
indirectly to whole farm profit by increasing stocking rates and/or improving crop quality and 
yields.  However, this association is not straightforward as there are likely to be changes in 
enterprise mix and livestock flock structure resulting from adoption. 
Due to the indirect nature of benefits, whole farm modelling is arguably the most appropriate 
method of estimating the benefits of pasture improvement.  Unfortunately, due to the scale 
and range of this analysis and the scarcity of empirical data it was not possible to employ 
whole farm modelling techniques to individual varieties at this time.   
However, a number of studies have used whole farm modelling to estimate the benefits of 
improved pasture production.  The results from these studies combined with expert opinion 
were used as a basis for benefit estimates within this analysis (Table 3).  Expected benefits 
are expressed as an annualised figure where the new variety is adopted within the rotation 
and is intended to capture subsequent benefits to pasture and crop phases. 
The value of a legume pasture to subsequent crops is demonstrated by Revell (2004).  Field 
trials comparing the French serradella Cadiz with unimproved pasture found that an 
additional 25 kg/ha of nitrogen (valued at $25/ha of fertiliser N) was required on areas 
previously growing unimproved (non-leguminous) pasture to achieve an equivalent 
subsequent crop yield to areas previously sown to Cadiz. 
The biserrula Mauro provides an extra month of green feed (Table 2).  CLIMA (1998) used 
MIDAS to estimate the benefits from another biserrula (cv. Casbah), which provided similar 
benefits, to be $14/ha/yr when production is 20 kg/ha/day and $28/ha/yr when pasture 
production is 40 kg/ha/day (4).  The current analysis assumes there is a 10 cent probability 
that adopting producers get no additional benefit from Mauro, 60 cent probability of a 
$15/ha/yr benefit and a 30 cent probability of a $10/ha/yr benefit.  The average expected 
benefit is $12/ha/yr (Table 3).  This approach towards estimating the average expected 
benefit was utilised for all varieties. 
The French serradellas Erica and Margurita are suitable for sand plain soils in the medium 
and low rainfall wheatbelt of WA.  Revell et al. (2007) used MIDAS to estimate the impact on 
whole farm profit of adopting serradella and biserrula on these soils (5).  That study found 
higher pasture growth rates and feed quality could improve profitability by between 
$13-71/ha, with an average increase of $28/ha.   
Erica and Margurita are suitable for two classes of soils:  good sand plain soils and poor 
sand plain soils.  On the good sand plain soils, which are generally already improved and are 
suitable for lupin production, this analysis assumes there is a lower expected average benefit 
of $10.80/ha/yr.  The poor sand plain soils are unsuitable for lupin production and often 
contain only poor quality unimproved pasture.  The new serradellas have potential to 
substantially increase productivity of this land.  The analysis assumes a greater expected 
average benefit of $48.00/ha/yr for these poorer quality soils.  The average assumed on-farm 
benefit across both these soil types (weighted according to the relative areas) is $26.70/ha 
for both varieties. 
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Yelbini is a yellow serradella.  It has some similarities to Erica and Margurita but is grown in a 
drier environment.  Therefore the expected benefits for adoption of Yelbini have been scaled 
back to $24.00/ha/yr on poor sand plain, $6.80/ha/yr on good sand plain, giving a weighted 
average of $15.40/ha across both soil types. 
The benefits of producer adoption of Urana, Coolamon and Izmir were estimated in Kopke 
(2005) using the MIDAS whole farm model appropriate to each adoption area (2).  That 
analysis estimated a benefit for Urana of $21.25/ha grazed and $13.90/ha cropped; for 
Coolamon of $19.05/ha grazed and $20.90/ha cropped; and for Izmir of $6.90/ha grazed and 
$6.00/ha cropped.  This analysis uses these estimates as the basis of on-farm benefit 
assumptions for these varieties.  
AGWEST Sothis Eastern Star clover differs from the other pasture varieties in that its 
principal benefit is derived from improved management of herbicide resistant weeds in cereal 
crops.  Farmers experiencing herbicide resistance have to delay sowing, use higher rates of 
herbicide, harvest weed seeds and undertake a range of other practices or incur a yield loss.  
CLIMA (1998) estimated a 10% yield loss equates to $11/ha/yr and the likely management 
practises are likely to range between $20 to $30/yr (7).  This analysis uses an expected 
average on-farm benefit of $15.00/ha/yr for AGWEST Sothis Eastern Star. 
Expected on-farm benefits of adopting Prima, Frontier, Scimitar, Cavalier, SARDI Persian, 
CFD27 bladder clover and Napier were best estimates by the project manager (Clinton 
Revell) based on comparisons with other varieties and the expectation that these varieties 
will increase carrying capacity and nitrogen fixation.  These estimates were conservative due 
to the uncertainty surrounding them.  More precise estimates were hampered by lack of data. 
The analysis assumes diminishing relative returns to the new pasture varieties over time as 
advances in alternative pasture varieties or management techniques erode the relative value 
of new varieties developed under this program.  The analysis assumes the relative value of 
new pasture varieties decreases annually to 50% of the estimated varietal on-farm benefit 
within 20 years. 
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Table 3. Estimated on-farm benefit of new varieties 
% producers 
receiving 
benefit 
% producers 
receiving 
benefit 
% producers 
receiving 
benefit Cultivar 
10% 60% 30% 
Expected benefit
Mauro $0/ha $15.0/ha $10.0/ha $12.0/ha 
Erica¢ − on poor sand plain with an 
unimproved pasture alternative. 
$0/ha $60/ha $40/ha $48.0/ha 
Erica¢ − on good sand plain with a lupin or 
improved pasture alternative. 
$0/ha $14.0/ha $8/ha $10.8/ha 
Margurita − on poor sand plain with an 
unimproved pasture alternative. 
$0/ha $60/ha $40/ha $48.0/ha 
Margurita − on good sand plain with a lupin 
or improved pasture alternative. 
$0/ha $14.0/ha $8/ha $10.8/ha 
Prima $0/ha $10/ha $5/ha $7.5/ha 
Bladder  $0/ha $25/ha $15/ha $19.5 
AGWEST Sothis Eastern Star $0/ha $20/ha $10/ha $15/ha 
Cavalier $0/ha $10/ha $8/ha $8.40 
Scimitar $0/ha $10/ha $8/ha $8.40 
Yelbini – on poor sand plain $0/ha $30/ha $20/ha $24.0/ha 
Yelbini – on good sand plain $0/ha $10/ha $6/ha $6.8/ha 
SARDI Persian $0/ha $8/ha $5/ha $6.3/ha 
Urana $0/ha $20/ha $15/ha $16.5/ha 
Coolamon $0/ha $20/ha $15/ha $16.5/ha 
Izmir $0/ha $7/ha $4/ha $5.4/ha 
Napier $0/ha $10/ha $6/ha $7.8/ha 
Frontier $0/ha $12/ha $8/ha $9.6/ha 
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Table 4. Estimated ranges and adoption profile 
Cultivar 
Estimated 
possible 
range 
(m ha) 
Year of 
initial 
adoption
Year of 
maximum 
adoption
Maximum 
level of 
adoption 
Expected 
adopted 
maximum 
area 
(ha) 
Per cent of 
benefit 
attributed to 
DAFWA 
Mauro¢ 1.5 2004 2010 4% 60,000 70% 
Erica¢ − on poor sand plain 1.5 2004 2010 8% 80,000 100% 
Erica¢ − on good sand plain 2.0 2004 2010 4% 60,000 100% 
Margurita¢ − on poor sand plain 1.5 2004 2010 10% 150,000 100% 
Margurita¢ − on good sand plain 2.0 2004 2010 5% 100,000 100% 
Prima 5.0 2002 2009 5% 60,000 100% 
Bladder CFD27# 4.0 2009 2015 8% 320,000 80% 
AGWESTt Sothis Eastern Star 1.0 2008 2015 5% 50,000 90% 
Cavalier¢ 0.75 2004 2008 2% 15,000 10% 
Scimitar¢ 1.5 2005 2012 3% 45,000 10% 
Yelbini¢ 1.0 2004 2013 3% 30,000 75% 
SARDI Persian™ 0.5 2009 2013 1% 5,000 40% 
Urana¢ 2.1 2004 2010 8% 168,000 23% 
Coolamon¢ 1.4 2005 2010 8% 112,000 34% 
Izmir¢ 1.5 2008 2013 3% 45,000 31% 
Napier¢ 0.25 2002 2010 3% 7,500 30% 
Frontier 0.5 2001 2005 5% 25,000 15% 
Extent of impact – the suitable range and expected adoption of new varieties 
The project manager estimated the total suitable area appropriate for the new varieties 
(Table 4).  This estimate took into account relevant climatic and soil type requirements for 
individual varieties.   
The expected level of maximum adoption was determined while considering complementary 
and competing species and producer willingness to incorporate the new varieties into their 
production systems. 
Expected maximum adoption levels vary from 10% for Margurita serradella on poor sand 
plain where there are few other productive options to just 1% for SARDI Persian due to the 
larger number of other options available. 
The total maximum adopted area of all new varieties total 1.3 million ha.  With such a large 
number of pasture species under consideration in this analysis with overlapping adoption 
ranges, it is helpful to complete a quick reality check on this figure.  There are approximately 
16 million ha in total in the South West (SW) of WA.  If 1.3 million ha is sown to these new 
pasture varieties together with approximately 1 million ha under Cadiz (serradella) 
production; 0.7 million ha under medic and biserrula production; and 3 million ha under  
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existing subterranean clover production, this would represent a total of 6 million ha of 
improved pasture in total or approximately 30% of the total SW area of WA.  This appears to 
be a reasonable and achievable outcome from this project. 
It was assumed that maximum adoption continued for an average of five years once 
reached.  It was assumed that complete disadoption would occur for all varieties within 10 
years of reaching maximum adoption.  This assumption is likely to underestimate benefits.    
Attribution of benefits to DAFWA 
The project manager was also asked to estimate the per cent of benefits that can be 
attributed to DAFWA for each variety (Table 4).  This percentage reflects the amount of time 
researchers from DAFWA spent developing individual varieties during the specified 
timeframe.  In some cases varieties were already partially developed before this analysis and 
in other cases researchers from other institutions have contributed towards developing the 
variety. 
PBR royalty benefits 
Most varieties also generate a PBR royalty of 10-12% of the wholesale price of certified seed 
for 20 years after their initial release (generally equating to 30-50¢/kg seed).  These royalties 
are shared between equity partners with the relative distribution of royalties varying for each 
variety.  Table 5 shows DAFWA’s equity share for each variety, its share of collected 
royalties up until 2005 and projected future royalties until 2027. 
Projected royalties are estimated by using assuming that current annual sales figures are 
continued until maximum adoption of the variety is reached.  After this time it is assumed that 
annual royalty revenue drops to half the maximum level and finally ceases 20 years from the 
release date. 
Table 5. DAFWA Plant Breed Right Royalties 
 DAFWA % equity DAFWA collected royalties to 2005 
DAFWA projected 
royalties 2006-2007 
Mauro 16.2% $3,839 $11,500 
Erica 16.2% $10,422 $23,000 
Margurita 16.2% $11,817 $22,100 
AGWEST® SoThis  16.2% $0 $4,655 
Prima 16.2% $40,662 $26,715 
Bladder clover CFD27# 16.2% $0 $20,545 
Cavalier 16.2% $3,592 $6,750 
Scimitar 16.2% $0 $22,000 
Yelbini 16.2% $2,656 $23,000 
SARDI Persian™ 16.2% $0 $12,250 
Urana 16.2% $9,465 $46,000 
Coolamon 16.2% $5,162 $42,900 
Izmir 16.2% $1,200 $21,600 
Napier 16.2% $860 $3,800 
Frontier 9% $29,204 $10,000 
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3. Key assumptions 
Method of analysis Simple spreadsheet BCA 
Term of the analysis 30 years 
On-farm benefits of new varieties Varies between $6.3/ha for SARDI Persian and $48/ha for 
Erica and Margurita. 
Scale of adoption 1.3 million ha in total for all 15 varieties 
Proportion of benefits attributed to this project  Varies between 100% and 10% 
Year adoption begins Varies between 2002 for Prima and Napier and 2009 for 
Bladder clover 
Discount rate 7% 
Discounted project cost $15.3 million 
4. Results 
Base case scenario 
Using the base case (expected) assumptions outlined in the proceeding sections, the Annual 
Legume Pasture Breeding Program delivered a NPV (over 30 years) of $26.3M and a BCR 
of 2.72. 
The pasture breeding program generated a total expected benefit of $41.5M to WA.  The 
relative contribution individual varieties made towards this total figure varied depending on 
estimated on-farm benefits for adoption, the estimated area and timeframe for maximum 
adoption and the per cent of varietal benefits and royalties that were attributed to DAFWA.  
The two French serradellas:  Erica (22% of total benefits) and Margurita (37% of total 
benefits) and Bladder Clover CFD27 (18% of total benefits) had the greatest impact on the 
analysis (Table 7).  The combined estimated benefits from these three varieties made up 
77% of the total project benefits. 
Table 6. Summary of total discounted benefits, NPV, BCR, and IRR 
PV benefits (30 
years) NPV BCR IRR 
$41.5M $26.3M 2.72 17% 
Table 7. Relative percentage contribution each variety makes towards the total estimated benefit of the 
program 
Mauro Erica Margurita Prima Bladder clover 
Agwest 
Sothis Cavalier Scimitar 
3.1% 22.3% 36.8% 5.9% 18.0% 2.7% 0.1% 0.2% 
Yelbini SARDI 
Persian 
Urana Coolamon Izmir Frontier Napier  
1.9% 0.04% 4.3% 4.0% 0.3% 0.3% 0.1%  
Sensitivity analysis 
Since the analysis is projected into the future and deals with several pasture species that are 
still under development there is a reasonably high degree of uncertainty surrounding the 
results of this analysis.  The degree of uncertainty for individual projects and assumptions is 
detailed in Table 8. 
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Table 8. Uncertainty of main parameters 
Assumption Degree of variability Reason 
Contribution of new 
variety to on-farm profit 
Medium to high On-farm benefits of new pasture varieties are difficult to estimate.  
They are affected by varying production, climate, interactions with 
other enterprises and their affects continue over a number of 
years.  Estimates are also affected by how new varieties fit into 
existing and new rotations.  The estimates in this analysis are 
considered reasonable but due to uncertainty err towards 
conservatism. 
Area suitable for new 
varieties  
Medium to high Based on estimates by the project manager using soil type and 
climatic information.   
Level of adoption Medium Based on estimates by the project manager.  Estimates take into 
account competition with other new and existing varieties. 
Rate of adoption Medium to low Based on expected release dates.  May be affected by climatic 
conditions and competing species. 
Royalties Low Based on actual figures.  Projected royalties are based on 
expected seed sales and linked to adoption expectations 
Project costs  Low Based on actuals and adjusted to include on-costs and overheads.  
Additional extension and commercialisation estimates are also 
included. 
Sensitivity to changes in the contribution on new varieties to on-farm profit 
The benefit assumptions in this analysis have erred towards conservatism due to their 
uncertainty.  Therefore, the possible range of on-farm benefits ranges between 20% below 
current expected estimations and 50% above expected estimations. 
Table 9 demonstrates that decreasing the estimated on-farm benefit received by adopting 
new varieties by 20% decreased the NPV to $18.0M and the BCR to 2.2.  Increasing the 
estimated on-farm benefit by 50% increased the NPV to $47.0M and the BCR to 4.1.  Further 
investigation reveals it would be necessary to decrease the estimated on-farm benefit for all 
varieties by as much as 67% for the project to just breakeven (NPV equal to zero).   
The base case scenario includes the assumption that on-farm benefits reduce gradually over 
time due to improvements in the profitability of competing enterprises.  Relaxing this 
assumption so that expected on-farm benefits are assumed constant over time, increased 
the NPV considerably to $61.6M and the BCR to 5.0. 
Table 9. Upper and lower range NPV, BCR, IRR 
 NPV BCR IRR 
Expected on-farm benefits $26.3M 2.72 17% 
Lower range (-20%) on-farm benefits $18.0M 2.18 14% 
Upper range (+50%) on-farm benefits $47.0M 4.07 21% 
Constant expected on-farm benefits – with no erosion of 
benefits over time. 
$61.6M 5.03 22% 
Sensitivity to changes in the scale of adoption 
The expected adopted area of each variety is calculated by multiplying the expected 
maximum rate of adoption by the estimated suitable area.  Therefore, a change in either of 
these values will have the same resultant effect on total adopted areas and estimated  
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benefits.  Table 10 shows the effect of increasing or decreasing the expected adopted area 
for all varieties.  The bottom line of this table represents the ‘worst case’ scenario using both 
the lower range for adopted area and the lower range for on-farm benefits.  Even this worst 
case scenario yields a positive return to investment. 
A 63% reduction in the total estimated adopted area of all varieties was necessary for the 
program to just breakeven.  
Table 10. Upper and lower range NPV, BCR, IRR 
 NPV BCR IRR 
Expected on-farm benefits $26.3M 2.72 17% 
Lower range (-20%) of adopted area $17.9M 2.17 14% 
Upper range (+20%) of adopted area $35.5M 3.26 19% 
Lower range of adopted area AND lower range of on-farm 
benefits 
$11.3M 1.7 12% 
5. Conclusions 
The benefit cost analysis indicates the Annual Legume Pasture Breeding Program has been 
a profitable investment for WA.  The program is likely to generate $26M for the State 
between 1997 and 2027. 
The sensitivity analysis reveals that even when the worst case scenarios are examined there 
is a positive return to investment. 
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GRAINS PROGRAM 
BENEFIT COST ANALYSIS  
Project: Barley Breeding Project 
Consultant: Roslyn Blanchard 
Reviewer: Ross Kingwell 
Project Manager: Reg Lance Date: June 2007 
Summary of results 
Present value 
benefits ($M) 
Net present value 
($M) Benefit cost ratio Project costs
1 ($M) Attribution of total benefits to project
$57.3 $42.9 3.98 $14.4 60% 
$93.5 $79.1 6.49 $14.4 100% 
1. Background 
This analysis examines the outcomes from the Barley Breeding program between 2000/01 
and 2006/07 and projects the benefits from these outcomes into the future until 2010/11.   
At the start of this analysis in 2000, Stirling was the major barley variety (65% in 2000) grown 
in Western Austrlia (WA).  The main focus of the Barley Breeding project in WA during this 
time was to replace Stirliing with new malting varieties with improved yield, malting quality 
and where possible resistances and tolerances to disease and abiotic stress.  
The proportion of Stirling in total WA barley production has decreased from 65% in 2000/01 
to 21% in 2006/07.  Stirling production is expected to decline further to represent just 7% of 
total production by 2010/11.  This reduction in Stirling production is due to its replacement 
with four ‘improved’ malting varieties developed through the WA Barley Breeding program.  
These new varieties are: 
Gairdner – Released before 2000, Gairdner has a more competitive malting quality than 
Stirling in most international markets but does not meet the needs of all international 
brewers.  Gairdner is however more suited to domestic brewing markets than Baudin or 
Hamelin.  Gairdner currently represents 23% of barley production but it is expected that 
Vlamingh with replace some of this production over time.  (1, 2, 3) 
Baudin − Released in 2003.  Baudin has been quickly adopted and represented 23% of WA 
barley production by 2006.  Baudin offers growers in high rainfall areas an alternative to 
Gairdner where straw length, head loss and grain plumpness are an issue.  (1, 2, 3) 
Hamelin – Released for General Malting in 2004 and made up 10% of WA barley production 
by 2006.  Hamelin offers growers in low to medium rainfall zones an alternative to Stirling 
with enhanced grain yield and superior malting quality.  Hamelin has a similar lack of disease 
resistance and response to agronomy and climate as Stirling.  (1, 2, 3) 
                                                
1 Funding was also provided by GRDC and the Grain Pool Pty Ltd. 
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Vlamingh – Released in 2006 is suitable high to medium rainfall zones.  It combines a high 
yield potential with good resistance to scald and net type net blotch. (1)  Vlamingh offers 
growers the yield advantage of Baudin and Gairdner with the grain plumpness of Hamelin in 
a background of improved tolerances to most leaf diseases.  It is expected that Vlamingh 
could become the State’s leading malting variety in the medium term.  (1, 3) 
Harrington and Schooner are older malting varieties suitable for niche conditions in WA.  
The Barley Breeding Project has also developed an additional three feed quality barley 
varieties (WABAR2288, WABAR2310 and WABAR2321) which are scheduled for release in 
2006, with increasing acreage over the next three years.  It is expected that these new 
varieties will eventually replace 50% of existing feed barley production by 2010/11.  
Acid tolerant alternatives for Hamelin and Baudin are also under development, with 
commercial release expected in 2011/12.  Early trial data indicates these new varieties 
should extend the area currently economically suited to growing barley. (R. Lance pers. 
comm.)  The development costs for these varieties are included in this analysis.  However, 
as adoption is not expected until after the timeframe of this analysis, the benefits from these 
varieties are not included. 
2. Derivation of benefits 
This analysis uses grain delivery information collected by Cooperative Bulk Handling (CBH) 
over time together with DAFWA agronomy trial results to quantify the benefits to WA of the 
DAFWA Barley Breeding Program from 2000/01 to 2010/11. 
The Barley Improvement program has changed the varietal mix of barley grown in WA.  
Table 1 shows the shift in proportions of barley varieties grown from 2000/01 to 2006/07 and 
the expected shift from 2006/07 to 2010/11.  This analysis includes production estimates for 
individual malting varieties and separate grouped production estimates for existing feed 
barley and newly developed feed barley varieties. 
Table 1. Variety grown as a proportion of barley area 
Proportion of barley area sown (%) 
Variety 
2000/01a 2002/03a 2004/05a 2006/07b 2008/09 c 2010/11c 
Stirling 65.4% 54.4% 32.9% 19.0% 8.9% 5.7% 
Hamelin 0.0% 0.0% 4.3% 12.5% 20.6% 23.9% 
Gairdner 12.9% 24.2% 24.6% 20.8% 14.6% 7.8% 
Baudin 0.0% 0.0% 12.7% 25.5% 25.2% 16.4% 
Vlamingh 0.0% 0.0% 0.0% 0.0% 7.5% 31.0% 
Schooner 5.8% 6.4% 3.5% 2.1% 0.4% 0.0% 
Harrington 1.9% 1.0% 0.9% 0.0% 0.0% 0.0% 
Feed 13.0% 13.2% 20.2% 19.2% 19.7% 7.1% 
New Feed 0.0% 0.0% 0.0% 0.0% 2.2% 7.1% 
a Sourced from CVT data.  Years 2000/01 to 2004/05 are published in reference (2). 
b Sourced from CVT data.  Years 2005/06 and 2006/07 are from unpublished data supplied by the author of 
reference (2). 
c Figures projected in line with observed and expected trends. 
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2.1 Calculation of benefits 
The analysis uses measured changes in the proportion of barley varieties grown to estimate 
the change in total value of the WA barley crop.   
The annual proportion of area sown to each variety across the State was taken from Crop 
Variety Sowing Guide data 2000/01 until 2006/072; subsequent years until 2010/11 are 
projections.  Further information on the varietal mix of barley sown in each Agzone3 was 
provided by Cooperative Bulk Handling for 2002/03 to 2005/06.  Projections based on current 
and expected trends were used to estimate the varietal mix for those years without raw data.  
The 2000/01 season was used as the base year to calculate the annual benefit from 
producer substitution towards new varieties.  The 2000/01 gross profit was deducted from 
the gross profit of each subsequent year to calculate the annual net benefit of adoption. 
The seven-year average for total barley production (1,030,000 ha) was used as the basis of 
the benefit calculation.  This simplifying assumption was necessary to remove the 
confounding effects of varying climatic conditions.  However, this assumption means the 
analysis is likely to underestimate the true benefits of the project as it excludes any potential 
benefits from additional areas that may be sown to barley due to the superiority of new 
varieties.   
The advantage of changing the varietal composition of the WA barley crop was estimated 
using agronomy trial information4 on the measured yield advantage and changes in malting 
quality across different Agzones for the new varieties relative to Stirling (tables 2 and 3).  
This data captures varietal responses to varying climatic and soil conditions across the State. 
These trials results were collated from 206 field trials between 2002 and 2006 where all 
varieties were grown in all sites under equivalent management.5   
There are a number of reasons why these trial results will tend to underestimate the yield 
advantage of these new varieties relative to Stirling.   
The new varieties have different responses to fungicide treatment, with Baudin and Gairdner 
showing increases in yield and quality but Stirling, Hamelin and Vlamingh showing a yield 
response only (B. Paynter pers. comm.).  Although all the trials were treated with fungicides, 
this treatment was suboptimal in some cases, meaning varying varietal yield and quality 
responses to fungicide treatment are only partially accounted for in the data. 
The equal management of trials also excludes additional gains to producers who utilise 
agronomic information to adjust their management, varietal selection and planting decisions 
to optimise returns according to soil type and climatic conditions. 
                                                
2  Crop Variety Sowing Guide data is published to the 04/05 season in reference (2).  Additional 
unpublished data was obtained for this analysis from the author of that reference. 
3  For more information on Agzones see reference (2), page 7. 
4   Crop Variety Trial (CVT) yield data was not used for this analysis as it does not include the 
additional quality (malting and protein) information required for this analysis. 
5  Summarised trial results between 2002 and 2004 are published in reference (3) and between 2002 
and 2005 are published in reference (4).  The 2006 agronomy trial results were supplied by the 
author of these publications (B. Paynter, Senior Researcher, Barley Agronomy Project) and are 
currently unpublished. 
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In addition, 2004 and 2006 were both below-average rainfall years.  As Stirling is early-
maturing it is likely to be less affected by low rainfall (B. Paynter pers. comm.), meaning the 
long term yield advantage of new varieties relative to Stirling are likely to be underestimated 
by this data.   
Table 2. Yield increases for new barley varieties relative to Stirling across Agzones in WA 
 AgZone 1 AgZone 2 AgZone 3 AgZone 4 AgZone 5 AgZone 6 
Stirlinga 100% 100% 100% 100% 100% 100% 
Hamelina 106% 104% 102% 103% 104% 105% 
Gairdnera 111% 105% 106% 97% 104% 106% 
Baudina 113% 110% 106% 101% 105% 109% 
Vlamingha 119% 112% 106% 100% 107% 113% 
Schoonerb 106% 103% 98% 95% 96% 102% 
Harringtonc 97% 95% 92% 85% 94% 87% 
Feedd 114% 107% 105% 104% 111% 116% 
New Feede 117% 115% 110% 113% 115% 118% 
a Results from balance agronomy variety trials – supplied by Senior Researcher, Blakely Paynter. 
b Assumes Schooner is equivalent to Hamelin (Blakely Paynter pers. comm.). 
c Based on the 2004 CVT meeting and scaled. 
d Average of feed varieties Barque, Mundah and Dash.  2006 CVT meeting and scaled – data for 2003-2006. 
e Average of new pre-release data for new varieties WABAR2288, WABAR2310 and WABAR2321 and scaled. 
Table 3. The probability that varieties will achieve malting quality and achieve a protein premium 
(between 10-11% protein for Hamelin, Gairdner and Baudin) by Agzone. (sourced from 2006 
agronomy variety trials 2002-2006) 
 Agzone 1 Agzone 2 Agzone 3 Agzone 4 Agzone 5 Agzone 6 
 % 
make 
malt 
% make 
protein 
premium
% 
make 
malt 
% make 
protein 
premium
% 
make 
malt
% make 
protein 
premium
% 
make 
malt
% make 
protein 
premium
% 
make 
malt 
% make 
protein 
premium 
% 
make 
malt
% make 
protein 
premium
Stirling 67% − 77% − 76% − 55% − 42% − 21% − 
Hamelin 67% 27% 67% 16% 59% 14% 45% 14% 42% 18% 26% 0% 
Gairdner 56% 9% 26% 2% 53% 7% 18% 0% 25% 2% 5% 2% 
Baudin 44% 27% 41% 9% 82% 18% 27% 0% 33% 14% 5% 0% 
Vlamingh 78% − 64% − 59% − 55% − 38% − 16% − 
Schooner 78% − 62% − 76% − 45% − 38% − 21% − 
Harrington 80% − 80% − 80% − 80% − 80% − 80% − 
Feed − − − − − − − − − − − −% 
New Feed − − − − − − − − − − − −% 
The five-year average price for malting barley is $240/t and $200/t for feed quality barley.  
There are variety premiums of $12.0/t for receivals of Hamelin and Baudin and of $7.5/t for 
Gairdner.  The different varieties also vary in their probabilities of achieving malt (Table 3) 
and there are protein premiums of $5.0/t for Hamelin and Baudin and $2.5/t for Gairdner if 
these varieties achieve malting status and have between 10 and 11% protein. 
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Table 4. Variety premiums, protein premiums and End Point Royalties differ for each of the barley 
varieties 
 Variety premium ($) 
Protein premium. 
(if malting and 10-
11% protein) ($) 
End Point Royalty 
Payable – Malting 
($) 
End Point Royalty 
Payable – Feed ($) 
Stirling − − − − 
Hamelin 7.00 5.00 3.00 1.00 
Gairdner 5.00 2.50   
Baudin 7.00 5.00 3.00 1.00 
Vlamingh   3.50 1.50 
New Feed    1.50 
Table 5. Expected varietal gross price ($/t) across Agzones.  Prices have been adjusted to take 
account of the varying probabilities of achieving malting and target protein levels across 
Agzones and any applicable variety or protein premiums.  No varietal royalties have been 
deducted from this price 
 Agzone 1 Agzone 2 Agzone 3 Agzone 4 Agzone 5 Agzone 6 
Stirling $225.45 $222.63 $224.29 $215.24 $214.55 $207.69 
Hamelin $231.27 $224.14 $225.71 $215.67 $251.84 $212.65 
Gairdner $225.00 $209.08 $217.68 $204.29 $220.34 $205.19 
Baudin $222.73 $216.57 $232.32 $211.33 $258.80 $203.62 
Vlamingh $229.09 $220.53 $218.57 $215.24 $213.64 $206.15 
Schooner $230.22 $219.51 $225.66 $213.61 $213.39 $208.99 
Harrington $232.00 $232.00 $232.00 $232.00 $232.00 $232.00 
Feed $200.00 $200.00 $200.00 $200.00 $200.00 $200.00 
New Feed $200.00 $200.00 $200.00 $200.00 $200.00 $200.00 
End Point Royalties (EPR) are collected for Baudin, Hamelin and Vlamingh (Table 4).  These 
royalties vary according to quality:  Baudin and Hamelin attract a $3.00/t royalty for malting 
and $1.00/t for feed, while Vlamingh attracts a $3.50/t royalty for malting and a $1.50/t royalty 
for feed.  The new feed varieties are also expected to attract an EPR of $1.50/t. 
Between 2000/01 and 2006/07 a total of $3.58 million was collected as EPR for these 
varieties.  These royalties are shared between DAFWA (which receives between 56% and 
67% of total barley royalties), the Grains Research and Development Corporation (GRDC) 
and the Western Malting Barley Trust Fund (WMBTF), which is comprised of domestic 
brewers.  The exact percentage of royalty accruing to the Department varies between 
varieties.  For the past two years the WMBTF has reinvested 100% of their share of royalties 
back into the barley breeding program. 
DAFWA’s share of royalties from sales of Baudin, Hamelin and Vlamingh between 2000/01 
and 2006/07 was $2.1 million.  These royalties were reinvested in the Barley Breeding 
Project.  Using varietal production estimates, the model estimates an additional $5.8 million 
will be generated as EPR for these varieties and the new feed varieties between 2007/08 
and 2010/11.  The Department’s share of royalties is included as a cost offset during the cost 
phase of this analysis (until 2006/07) and as a benefit thereafter.   
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It was assumed that only 40% of royalties distributed to GRDC are returned as a benefit to 
WA producers.  The remaining 60% of benefits from these royalties are assumed to accrue 
to producers outside the State so are excluded from the analysis. 
3. Key assumptions 
Method of analysis Simple spreadsheet BCA 
Term of the analysis 11 years 
Scale of adoption (total barley area) 1,030,000 ha 
Proportion of benefits attributed to this project  Between 50% and 70% 
Year adoption begins 2000/01 
Discount rate 7% 
Barley Breeding Project costs (undiscounted) $20.3M 
3.1 Explanation of the key assumptions 
● The ‘term of the analysis’ was from 2000/01 to 2010/11.  The adoption curve 
represented the actual adoption from 2000/01 until 2006/07 then adoption was 
projected until 2010/11.  Further adoption of Vlamingh is expected past 2010/2011, but 
this has not been modelled in the analysis. 
● An average per unit net benefit was not determined for this analysis.  The annual 
benefit was determined by using the value of the barley crop in 2000/01 then deducting 
this from the future value of the barley crop, given the change in the proportions of 
varieties grown. 
● The scale of adoption is the total State barley area according to CBH figures.  The 
whole production is not expected to change until the release of new acid tolerant 
varieties (not included within this analysis); however over time there has been a 
substantial shift in the relative proportions of varieties grown across the State.   
● This analysis examines the change in varieties of barley grown in Western Australia.  
These new varieties were developed by breeders working within the Barley Breeding 
program.  Without this work none of these benefits would be achieved.  However, 
efficient adoption of the new varieties has only been possible due to additional work by 
the Barley Agronomy Project in determining and extending the agronomic and quality 
benefits of these new varieties to producers and other key industry stakeholders.  
Therefore, benefits from adoption of new barley varieties need to be distributed 
between these projects.  The relative proportion of benefits attributed to each project is 
contentious.  For this reason a sensitivity analysis was done on the level of benefits 
attributed to this project.   
● Project costs are actual costs recorded by DAFWA and adjusted to include overheads, 
estimated at 168% of salary costs. 
3.2 Other assumptions 
● It was assumed that the change in proportions of varieties grown was an efficient way 
to capture the benefits of this project. 
● The seven-year State average barley yield is 2.03 tonnes per hectare.  The average 
Stirling trial yield achieved over 209 agronomy trials was 2.31 tonnes per hectare.  In 
order to use the agronomy trial results the Stirling average trial yield was scaled down 
to the State average with yield relativities maintained between regions.  This enabled 
the use of agronomy trial relativities to determine yields of other varieties in each zone. 
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● The annual area of barley varieties sown was taken from CVT data until 2006/07 and 
extrapolated up to 2010/11, with growth expected to increase faster as more seed 
becomes available. 
● Average yields for each variety in each year were weighted to reflect the proportion of 
the variety grown in each zone and the yield relativities between zones. 
● Prices for each variety were determined by adding the premium received to the 
five-year average price and then obtaining a weighted price according to the probability 
of each variety achieving malt and/or a protein premium.  It was assumed that if malt 
quality was not achieved the grain was classified as feed. 
4. Results 
The change in proportion of new barley varieties grown across WA is expected to deliver a 
total discounted benefit to the industry of approximately $93 million between 2000/01 and 
2010/11  
The Barley Breeding Project has undoubtedly contributed a considerable amount towards 
this outcome.  The source of benefits is generated by a combination of the higher yielding 
new varieties with improved quality attributes and the rate of adoption of new varieties.  As 
such, the total benefits must also be shared with other projects, most notably the Barley 
Agronomy and Barley Industry Development Projects. 
The fact that no benefits would be achievable without the Barley Breeding project leads us to 
assume that a relatively large proportion of total benefits should be attributed to this project.  
Therefore, it is assumed that between 50% and 70% of industry benefits are attributed to the 
Barley Breeding project giving a benefit cost ratio (BCR) of between 3.3 and 4.6.  However, 
this attribution of benefits is contentious and it may be more valid to view the project as a 
component of a larger ‘Barley Improvement program’ which incorporates further agronomic 
testing, extension and industry development.  It is easy to argue that without these additional 
extension and development activities adoption of new varieties, and therefore benefits, would 
be much less.  The estimated benefits delivered by this larger program are discussed in 
another paper (5). 
The breakeven benefit attribution for the Barley Breeding project to just cover costs is 12.6%. 
Table 6. Benefit cost ratios (BCR), net present values (NPV) and the internal rate of return (IRR) for 
each level of benefits attributable to the project 
Attribution of 
benefits PV benefits ($M) NPV ($M) BCR IRR 
50% $48.3 $33.9 3.35 40% 
60% $57.3 $42.9 3.98 46% 
70% $66.4 $51.9 4.61 51% 
100% $92.3 $79.1 6.49 62% 
It is worth noting that the agronomy trials used for this analysis were unlikely to represent full 
varietal yield and quality advantages relative to Stirling and that the analysis does not 
account for any additional total barley production due to the relative superiority of new 
varieties, meaning the analysis’ results can be considered conservative. 
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5. Conclusions 
The Barley Breeding Project is delivering a strong economic return to the industry.  New 
varieties delivered through this program have been accepted by industry and have been 
strongly adopted by producers. 
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GRAINS PROGRAM 
BENEFIT COST ANALYSIS 
Project: Barley Improvement Project 
Consultant: Roslyn Blanchard 
Reviewer: Ross Kingwell 
Project Managers: Reg Lance and Blakely Paynter Date: June 2007 
Summary of results 
Present value 
benefits ($M) 
Net Present Value 
($M) Benefit Cost Ratio Project costs
6 ($M) Attribution of total benefits to project
$84.5 $62.7 3.87 $21.8 90% 
$93.5 $70.7. 4.29 $21.8 100% 
1. Background 
The Western Australian Barley Improvement program is assumed to be the composite of the 
Barley Breeding Project and the Barley Agronomy and Industry Development Projects.  
These complementary projects serve the needs of the barley industry by developing 
appropriate new varieties with improved quality traits and assisting producers to integrate 
these new varieties profitably within their production systems. 
New varieties developed by the Barley Breeding Project are field tested by the researchers 
from the Barley Agronomy team to determine specific quality characteristics and how each 
variety performs under a matrix of varying soil types, climatic and management conditions.  
The Barley Agronomy team then prepares a management package for each variety to help 
producers decide which variety to plant under a specific set of conditions to optimise returns.  
This analysis examines the outcomes from the Barley Improvement Project between 2000/01 
and 2006/07 and projects the benefits from these outcomes into the future up to 2010/11.  
The main focus of the Barley Breeding Project in Western Australia during this time has been 
to replace Stirling with new malting varieties with improved yield, malting quality and, where 
possible, resistances and tolerances to disease and abiotic stresses.  
The proportion of Stirling in total WA barley production has decreased from 65% in 2000/01 
to 21% in 2006/07.  Stirling production is expected to decline further to represent just 7% of 
total proudction by 2010/11.  This reduction is Stirling production is due to its replacement 
with four ‘improved’ malting varieties: 
● Gairdner was released by the Department shortly before 2000.  Gairdner has a more 
competitive malting quality than Stirling in most international markets but does not meet 
the needs of all international brewers.  However, Gairdner is more suited to domestic 
brewing markets than Baudin or Hamelin.  Gairdner currently represents 23% of barley 
production but it is expected that Vlamingh will replace some of this production over 
time. (1, 2, 3). 
                                                
6 Funding was also provided by GRDC and the Grain Pool Pty Ltd. 
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● Baudin was released in 2003.  Baudin has been quickly adopted and represented 23% 
of WA barley production by 2006.  Baudin offers growers in high rainfall areas an 
alternative to Gairdner where straw length, head loss and grain plumpness are an 
issue.  (1, 2, 3). 
● Hamelin was released for General Malting in 2004 and made up 10% of WA barley 
production by 2006.  Hamelin offers growers in low to medium rainfall zones an 
alternative to Stirling with enhanced grain yield and superior malting quality.  Hamelin 
has a similar lack of disease resistance and response to agronomy and climate as 
Stirling.  (1, 2, 3). 
● Vlamingh was released in 2006 is suitable in high to medium rainfall zones.  It 
combines a high yield potential with good resistance to scald and net type net blotch. 
(1)  Vlamingh offers growers the yield advantage of Baudin and Gairdner with the grain 
plumpness of Hamelin in a background of improved tolerances to most leaf diseases.  
It is expected that Vlamingh could become the State’s leading malting variety in the 
medium term.  (1, 3). 
Harrington and Schooner are older malting varieties suitable for niche conditions in WA.   
The Barley Breeding Project has also developed an additional three feed quality barley 
varieites (WABAR2288, WABAR2310 and WABAR2321) which are scheduled for release in 
2006, with increasing acreage over the next three years.  It is expected that these new 
varieties will eventually replace 50% of existing feed barley production by 2010/11.  
Acid tolerant alternatives for Hamelin and Baudin are also under development, with 
commercial release expected in 2011/12.  Early trial data indicates these new varieties 
should extend the area currently economically suited to growing barley (R. Lance pers. 
comm.).  The development costs for these varieties are included in this analysis.  However, 
as adoption is not expected until after the timeframe of this analysis, the benefits from these 
varieties are not included. 
2. Derivation of benefits 
Ths analysis uses grain delivery information collected by Cooperative Bulk Handling (CBH) 
over time together with DAFWA agronomy trial results to quantify the benefits to WA barley 
producers of the DAFWA Barley Improvement program between 2000/01 to 2010/11. 
The Barley Improvement program has changed the varietal mix of barley grown in WA.  
Table 1 shows the shift in proportions of barley varieties grown from 2000/01 to 2006/07 and 
the expected shift from 2006/07 to 2010/11.  This analysis includes production estimates for 
individual malting varieties and separate grouped production estimates for existing feed 
barley and newly developed feed barley varieties. 
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Table 1. Variety grown as a proportion of barley area 
Proportion of barley area sown (%) 
Variety 
2000/01a 2002/03a 2004/05a 2006/07b 2008/09 c 2010/11c 
Stirling 65.4% 54.4% 32.9% 19.0% 8.9% 5.7% 
Hamelin 0.0% 0.0% 4.3% 12.5% 20.6% 23.9% 
Gairdner 12.9% 24.2% 24.6% 20.8% 14.6% 7.8% 
Baudin 0.0% 0.0% 12.7% 25.5% 25.2% 16.4% 
Vlamingh 0.0% 0.0% 0.0% 0.0% 7.5% 31.0% 
Schooner 5.8% 6.4% 3.5% 2.1% 0.4% 0.0% 
Harrington 1.9% 1.0% 0.9% 0.0% 0.0% 0.0% 
Feed 13.0% 13.2% 20.2% 19.2% 19.7% 7.1% 
New Feed 0.0% 0.0% 0.0% 0.0% 2.2% 7.1% 
a Sourced from Cereal Variety Trial (CVT) data.  Years 2000/01 to 2004/05 are published in reference (2). 
b Sourced from CVT data.  Years 2005/06 and 2006/07 are from unpublished data supplied by the author of 
reference (2). 
c Figures projected in line with observed and expected trends. 
2.1 Calculation of benefits 
The analysis uses measured changes in the proportion of barley varieties grown to estimate 
the change in total value of the Western Australian barley crop.   
The annual proportion of area sown to each variety across the State was taken from Crop 
Variety Sowing Guide data from 2000/01 until 2006/077; subsequent years until 2010/11 are 
projections.  Further information on the varietal mix of barley sown in each Agzone8 was 
provided by Cooperative Bulk Handling (CBH) for 2002/03 to 2005/06.  Projections based on 
current and expected trends were used to estimate the varietal mix for those years without 
raw data.  
The 2000/01 season was used as the base year to calculate the annual benefits from 
producer substitution towards new varieties.  The 2000/01 gross profit was deducted from 
the gross profit of each subsequent year to calculate the annual net benefit of adoption. 
The seven-year average for total barley production (1,030,000 ha) was used as the basis of 
the benefit calculation.  This simplifying assumption was necessary to remove the 
confounding effects of varying climatic conditions.  However, this assumption means the 
analysis is likely to underestimate the true benefits of the project as it excludes any potential 
benefits from additional areas that may be sown to barley due to the superiority of new 
varieties.   
                                                
7 Crop Variety Sowing Guide data is published to the 04/05 season in reference (2).  Additional 
unpublished data was obtained for this analysis from the author of that reference. 
8 For more information on Agzones see reference (2), page 7. 
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The advantage of changing the varietal composition of the WA barley crop was estimated 
using agronomy trial information9 on the measured yield advantage and changes in malting 
quality and protein across different Agzones for the new varieties relative to Stirling (Tables 2 
and 3).  This data captures varietal responses to varying climatic and soil conditions in WA. 
These trials’ results were collated from 206 field trials between 2002 and 2006 where all 
varieties were grown in all sites under equivalent management.10 
There are a number of reasons why these trial results will tend to underestimate the yield 
advantage of these new varieties relative to Stirling.   
The new varieties have different responses to fungicide treatment, with Baudin and Gairdner 
showing increases in yield and quality but Stirling, Hamelin and Vlamingh showing a yield 
response only (B. Paynter pers. comm.)  Although all the agronomy trials were treated with 
fungicides, this treatment was suboptimal in some cases, meaning varying varietal yield and 
quality responses to fungicide treatment are only partially accounted for in the data. 
The equal management of trials also excludes additional gains to producers who utilise 
agronomic information to adjust their management, varietal selection and planting decisions 
to optimise returns according to soil type and climatic conditions. 
In addition, 2004 and 2006 were both below-average rainfall years.  As Stirling is 
early-maturing it is likely to be less affected by low rainfall (B. Paynter pers. comm.), meaning 
the long-term yield advantage of new varieties relative to Stirling are likely to be 
underestimated by this data.   
Table 2. Yield increases for new barley varieties relative to Stirling across Agzones in WA 
 AgZone 1 AgZone 2 AgZone 3 AgZone 4 AgZone 5 AgZone 6 
Stirlinga 100% 100% 100% 100% 100% 100% 
Hamelina 106% 104% 102% 103% 104% 105% 
Gairdnera 111% 105% 106% 97% 104% 106% 
Baudina 113% 110% 106% 101% 105% 109% 
Vlamingha 119% 112% 106% 100% 107% 113% 
Schoonerb 106% 103% 98% 95% 96% 102% 
Harringtonc 97% 95% 92% 85% 94% 87% 
Feedd 114% 107% 105% 104% 111% 116% 
New Feede 117% 115% 110% 113% 115% 118% 
a Source:  Results from balanced agronomy variety trials – supplied by Senior Researcher, Blakely Paynter. 
b Source:  Assumes Schooner is equivalent to Hamelin (Blakely Paynter pers. comm.). 
c Source:  Based on the 2004 CVT meeting and scaled. 
c Average of feed varieties Barque, Mundah and Dash.  2006 CVT meeting and scaled – data for 2003-2006. 
e Average of new pre-release data for new varieties WABAR2288, WABAR 2310 and WABAR2321 and scaled. 
                                                
9 Crop Variety Trial (CVT) yield data was not used for this analysis as it does not include the 
additional quality (malting and protein) information required for this analysis. 
10 Summarised trial results between 2002 and 2004 are published in reference (3) and between 2002 
and 2005 are published in reference (4).  The 2006 agronomy trial results were supplied by the 
author of these publications (B. Paynter, Senior Researcher, Barley Agronomy Project) and are 
currently unpublished. 
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Table 3. The probability that varieties will achieve malting quality and achieve a protein premium 
(between 10-11% protein for Hamelin, Gairdner and Baudin) by Agzone (Sourced from 206 
agronomy variety trials 2002-2006) 
Agzone 1 Agzone 2 Agzone 3 Agzone 4 Agzone 5 Agzone 6  
% 
make 
malt 
% make 
protein 
premium 
% 
make 
malt 
% make 
protein 
premium
% 
make 
malt
% make 
protein 
premium
% 
make 
malt
% make 
protein 
premium 
% 
make 
malt 
% make 
protein 
premium
% 
make 
malt
% make 
protein 
premium
Stirling 67% − 77% − 76% − 55% − 42% − 21% − 
Hamelin 67% 27% 67% 16% 59% 14% 45% 14% 42% 18% 26% 0% 
Gairdner 56% 9% 26% 2% 53% 7% 18% 0% 25% 2% 5% 2% 
Baudin 44% 27% 41% 9% 82% 18% 27% 0% 33% 14% 5% 0% 
Vlamingh 78% − 64% − 59% − 55% − 38% − 16% − 
Schooner 78% − 62% − 76% − 45% − 38% − 21% − 
Harrington 80% − 80% − 80% − 80% − 80% − 80% − 
Feed − − − − − − − − − − − − 
New Feed − − − − − − − − − − − − 
Table 4. Variety premiums, protein premiums and End Point Royalties differ for each of the barley 
varieties 
 Variety premium ($) 
Protein premium 
(if malting and 10-11% 
protein) ($) 
End Point Royalty 
Payable – Malting ($) 
End Point Royalty 
Payable – Feed ($) 
Stirling − − − − 
Hamelin 7.00 5.00 3.00 1.00 
Gairdner 5.00 2.50   
Baudin 7.00 5.00 3.00 1.00 
Vlamingh   3.50 1.50 
New Feed    1.50 
The five-year average price for malting barley is $240/t and $200/t for feed quality barley.  
There are variety premiums of $7.00/t for receivals of Hamelin and Baudin and $5.00/t for 
Gairdner (Table 4).  The different varieties also vary in their probability of achieving malt 
(Table 3).  There are protein premiums of $5.00/t for Hamelin and Baudin and $2.50/t for 
Gairdner if these varieties achieve malting and have between 10 and 11% protein. 
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Table 5. Expected varietal gross price ($/t) across Agzones.  Prices have been adjusted to take 
account of the varying probabilities of achieving malting and target protein levels across 
Agzones and any applicable variety or protein premiums.  No varietal royalties have been 
deducted from this price 
 Agzone 1 Agzone 2 Agzone 3 Agzone 4 Agzone 5 Agzone 6 
Stirling $225.45 $222.63 $224.29 $215.24 $214.55 $207.69 
Hamelin $231.27 $224.14 $225.71 $215.67 $251.84 $212.65 
Gairdner $225.00 $209.08 $217.68 $204.29 $220.34 $205.19 
Baudin $222.73 $216.57 $232.32 $211.33 $258.80 $203.62 
Vlamingh $229.09 $220.53 $218.57 $215.24 $213.64 $206.15 
Schooner $230.22 $219.51 $225.66 $213.61 $213.39 $208.99 
Harrington $232.00 $232.00 $232.00 $232.00 $232.00 $232.00 
Feed $200.00 $200.00 $200.00 $200.00 $200.00 $200.00 
New Feed $200.00 $200.00 $200.00 $200.00 $200.00 $200.00 
End Point Royalties (EPR) are collected for Baudin, Hamelin and Vlamingh (Table 4).  These 
royalties vary according to quality:  Baudin and Hamelin attract a $3.00/t royalty for malting 
and $1.00/t for feed, while Vlamingh attracts a $3.50/t royalty for malting and a $1.50/t royalty 
for feed.  The new feed varieties are also expected to attract an EPR of $1.50/t. 
Between 2000/01 and 2006/07 a total of $3.58 million was collected as EPR for these 
varieties.  These royalties are shared between DAFWA (which receives between 56% and 
67% of total barley royalties), the Grains Research and Development Corporation (GRDC) 
and the Western Malting Barley Trust Fund (WMBTF), which is comprised of domestic 
brewers.  The exact percentage of royalties accruing to the Department varies between 
varieties.  For the past two years the WMBTF has reinvested 100% of their share of royalties 
back into the barley breeding program. 
DAFWA’s share of royalties from sales of Baudin, Hamelin and Vlamingh between 2000/01 
and 2006/07 was $2.1 million.  These royalties were reinvested in the Barley Breeding 
Project.  Using varietal production estimates, the model estimates an additional $5.8 million 
will be generated as EPR for these varieties and the new feed varieties between 2007/08 
and 2010/11.  The Department’s share of royalties is included as a cost offset during the cost 
phase of this analysis (until 2006/07) and as a benefit thereafter.   
It was assumed that only 40% of royalties distributed to GRDC are returned as a benefit to 
WA producers.  The remaining 60% of benefits from these royalties are assumed to accrue 
to producers outside the State so are excluded from the analysis. 
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3. Key assumptions 
Method of analysis Simple spreadsheet BCA 
Term of the analysis 11 years 
Scale of Adoption (total barley area) 1,030,000 ha 
Proportion of benefits attributed to this project  100% 
Year adoption begins 2000/01 
Discount rate 7% 
Barley Breeding Project cost $31.1M 
Barley Agronomy and Industry Development Project cost $10.9M 
3.1 Explanation of the key assumptions 
The ‘term of the analysis’ was from 2000/01 to 20010/11.  The adoption curve represented 
the actual adoption from 2000/01 until 2006/07 further adoption was projected until 2010/11.  
Additional adoption of Vlamingh is expected beyond 2010/11, but this has not been modelled 
in the analysis. 
An average per unit net benefit was not determined for this analysis.  The annual benefit was 
determined by deducting the value of the barley crop in 2000/01 from the value of the barley 
crop in subsequent years given the change in the proportions of varieties grown. 
The scale of adoption is the total State barley area according to CBH figures.  The whole 
production is not expected to change until the release of new acid tolerant varieties (not 
included within this analysis); however over time there has been a substantial shift in the 
relative proportions of varieties grown across the State.   
This analysis assumes 100% of the benefits due to changes in varietal composition of the 
WA barley can be attributed to the combined Barley Improvement program.  The new 
varieties were developed by breeders working within the Barley Breeding Project.  
Researchers in the Barley Agronomy Project have tested these varieties over a number of 
years to determine the effect of varying soil, climate and management treatment on variety 
yield and quality characteristics.  This information has been used to form effective 
management packages to assist producers select varieties to achieve the highest economic 
returns for their specific conditions.  The dissemination of this information has strongly 
impacted on adoption on these new varieties.  Combining both these separate projects into a 
single aggregated project means that 100% of benefits from changes in varietal composition 
of the WA barley crop can be allocated to the composite DAFWA Barley Improvement 
program.  
Project costs are actuals costs of the Barley Breeding project and the Barley Agronomy 
project as recorded by DAFWA between 2000/01 and 2006/07 and are adjusted to include 
overheads estimated at 168% of salary costs.  It has been assumed that future Barley 
Agronomy Project costs will continue at the current rate until 2010/11.  This approach is more 
likely to overestimate future agronomy costs than underestimate costs, as the emphasis of 
agronomy trials is likely to move to new varieties not included within this analysis. 
3.2 Other assumptions 
● It was assumed that the change in proportions of varieties grown is an efficient way to 
capture the benefits of this project. 
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● The seven-year State average barley yield is 2.03 tonnes per hectare.  The average 
Stirling trial yield recorded over 209 agronomy trials was 2.31 tonnes per hectare.  In 
order to use the agronomy trial results, the Stirling yield was scaled down to the State 
average with yield relativities maintained between regions.  This then enabled the use 
of agronomy trial relativities to determine yields of other varieties in each zone. 
● Average yields for each variety in each year were weighted to reflect the proportion of 
the variety grown in each zone and the yield relativities between zones. 
● Prices for each variety were determined by adding the premium received to the 
five-year average price and then obtaining a weighted price according to the probability 
of each variety achieving malt and a protein premium.  It was assumed that if malt 
quality was not achieved the grain was classified as feed. 
4. Results 
The change in proportion of new barley varieties grown across Western Australia is expected 
to deliver a total discounted benefit to the industry of approximately $93 million between 
2000/01 and 2010/11.   
One hundred per cent of these benefits can be attributed to the combined efforts of the 
Barley Improvement program.  The Barley Breeding Project has contributed to this outcome 
due to its identification and development of new higher yielding varieties with improved 
quality attributes.  The Barley Agronomy and Industry Development Projects have added 
value by determining specific varietal characteristics according to varying management, 
climatic and environmental conditions to assist producers integrate the new varieties 
profitably into their existing production systems.   
The interaction of these two projects is most important.  If either were acting alone their 
impact would be much reduced.  New varieties are unlikely to be successfully adopted if they 
are released without adequate management information.  Similarly, a successful extension 
and development program is impossible without new varieties that deliver real benefits to 
producers. 
It is true that independent consultants and private industry play an important role in 
disseminating variety information to producers.  However, these parties invariably rely on 
DAFWA variety and trial information. 
Assuming 100% attribution of benefits, the Barley Improvement program is expected to 
deliver a NPV of $72 million and a BCR of 4.3.  The breakeven benefit attribution for the 
Barley Improvement program is 21%. 
Table 6. Benefit cost ratios (BCR), net present values (NPV) and the internal rate of return (IRR) for 
each level of benefits attributable to the project 
Attribution of 
benefits PV costs ($M) PV benefits ($M) 
NPV 
($M) BCR IRR 
90% $14.4 $84.5 $62.7 3.87 49% 
100% $14.4 $93.53 $71.7 4.29 53% 
It is worth noting that the agronomy trials used for this analysis were unlikely to represent full 
varietal yield and quality advantages relative to Stirling and that the analysis does not 
account for any additional total barley production due to the relative superiority of new 
varieties, meaning the analysis’ results can be considered conservative. 
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5. Conclusions 
The combined Barley Improvement program is delivering a strong economic return to the 
industry.  Together, the Barley Breeding project and the Barley Agronomy and Industry 
Development projects have changed the varietal mix of barley in WA with positive returns to 
producers and the WA economy. 
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RANGELANDS PRODUCTION 
BENEFIT COST ANALYSIS  
Project: Southern Rangeland Livestock Productivity MLS 
Economist: Peter Coyle 
Reviewer: Ross Kingwell 
Project Manager: Greg Brennan Date: May 2007 
Summary of results over ten years for the project 
Net present value Benefit cost ratio Project costs 
$4.8M 2.41 $3.4M 
1. Background 
Livestock production in the Southern Rangeland was initially based on sheep.  The first 
pastoral lease in the Southern Rangeland was Brick House station, taken up in the 1870s.  
The first West Australian station, Mindaroo in the Pilbara, was also initially based on sheep.  
The Gascoyne and the Eastern Goldfields pastoral regions have followed the lead of the 
Pilbara in reducing their reliance on wool from merinos for its income.  Meat from damaras, 
merinos, goats and cattle has become a major income source to stations in the Southern 
Rangeland.  
Wool continues to be a diminishing source of income.  The recent wool price of $10 per 
kilogram clean will encourage those remaining stations to continue with their merino for wool 
production system.  The Australian sheep flock has declined substantially since the collapse 
of the floor price (about 1990) and has dropped to its lowest level in about one hundred 
years. 
There is a paucity of production data from these thriving meat industries that have been 
developing strongly over the last thirty years.  The trend to meat production forming a 
substantial part of Southern Rangeland pastoral income continues as the wool line retreats to 
the south.  The lack of meat production data relates to the newness of the industry together 
with the rugged terrain, isolation and vast areas of stations.  This project is attempting to 
produce some base line data for the Southern Rangeland meat industries. 
2. Derivation of costs 
The project is planned to run over ten years, another four years to go to its completion.  
Funds from the Department of Agriculture and Food WA and The Natural Heritage Trust are 
being used for the project.  The funds from NHT have been determined and it was estimated 
that the DAFWA contribution (mainly Project Officers in the Southern Rangelands) would be 
$400,000 pa over the life of the project. 
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Table 1. Southern Rangeland Livestock Productivity MLS Project Funds 
 NHT funding DAFWA contribution Total 
2001/02 0 $400,000 $400,000 
2002/03 0 $400,000 $400,000 
2003/04 0 $400,000 $400,000 
2004/05 0 $400,000 $400,000 
2005/06 0 $400,000 $400,000 
2006/07 $150,000 $400,000 $550,000 
2007/08 $150,000 $400,000 $550,000 
2008/09 $75,000 $400,000 $475,000 
2009/10 0 $400,000 $400,000 
2010/11 0 $400,000 $400,000 
Total $375,000 $4,000,000 $4,375,000 
3. Derivation of benefits 
The objectives of the project relate to the better management of the rangeland by grazing to 
the feed availability and adding a rest period into the grazing system.  Stocking rates should 
be adjusted well before feed becomes limiting.  If adjustment is left a little late then stock can 
lose condition.  For the Gascoyne region decisions need to be made at the end of August for 
the following nine months.  Rainfall data indicate that the Gascoyne receives most of its 
useful rain during the winter months.  Rosemary Bartle (pers. comm. 2007) indicates that 
profitability does not correlate with price.  Profitability is related to use of the available feed 
over the twelve months. 
A rest period that includes a growing season is required by the rangeland to enable optimum 
feed production over the long term.  This rest period allows grasses and forbs to seed more 
prolifically and allows shrubs to produce more feed for the next period of stocking.  The 
optimal feed regime includes a balance between grasses and forbs and shrubs which will 
vary over the various rainfall patterns.  However it is vital to encourage more grasses and not 
have the rangeland taken over by less productive increaser woody species.  Increaser 
species are those plants that are less valuable feed for stock and increase in density during 
extended periods of over grazing. 
The rest period is incorporated into the management system so that each paddock receives 
a rest during every second wet season.  Pastoral stations include these rests in a four 
paddock rotation or variations along the same lines.  
To gain adoption of the improved grazing system an elected leadership group is the driving 
force.  This is paramount in adoption of the grazing to feed availability principle.  It is 
imperative that pastoralists own the process in order to gain a high adoption rate.  
Other benefits of rotational grazing include; reduction in investment in mating (i.e. bulls and 
rams), reduction in labour costs in checking waters, increase in stocking rate and an increase 
in production (pers. com. Rosemary Bartle and Greg Brennan 2001). 
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Benefits 
● Increased weaning rate for calves.  The project is aiming at a weaning rate of 65%, 
up from an estimated weaning rate of 50%. 
● Reduced mortality rate for cows.  It was assumed that the cow mortality rate could 
be reduced from 12% to 5% with better pasture, improved care and attention and 
adoption of a cull for age program. 
● Increased weaning rate for sheep weaners.  It was assumed that the weaning rate 
could be increased from 50% to 75% during the life of the project.  Further 
improvement would be likely to be available in the future as more strategies were 
adopted to increase productivity. 
● One year in ten (a drought) ewe and cow mortality could be decreased from 20% 
to 5%.  The project aims to encourage stations to destock well before feed becomes 
limiting.  Price is also likely to be reasonable when sales occur while feed is available.  
When feed is limited and price is low stations often put up with high mortality rates as 
there is an extra cost in selling very poor condition cows and ewes.  Yarding and 
transport costs could be higher than sale price less commission. 
● One year in ten (a drought) the goat mortality could be decreased from 10% to 
5%.  Oats are more resilient than sheep and cattle to drought conditions but they are 
still subject to high mortality rates during times of drought.  It is assumed that by 
destocking early the mortality rate can be reduced from 10% to 5% in the one year in 
ten drought. 
4. Key assumptions 
a) It was assumed that half the benefits of the project would be attributed to the 
pastoralists and the other half of the benefits would be attributable to the project. 
b) Secondly it was assumed that there was a 25% probability of success of achieving the 
potential within the remaining four years of the project.  A range of probabilities of 
success, from 15% success to 35% success, was calculated. 
c) Thirdly it was assumed that the gross margin from the cattle weaners produced was 
$175 each and the gross margin for sheep and goats was each $22.  The benefits from 
a range of gross margins were also calculated. 
5. Results 
The project is likely to produce positive results based on the assumptions outlined above.  
The baseline assumptions of 50% attribution to the project, 25% probability of success and a 
gross margin of $175 for weaners produce a benefit cost ratio of 2.4 to 1 with a net present 
value of $5M.  There is no consideration of further benefits accruing to the industry in the 
years after the project.  It is likely that further work in this area would be able to build on the 
successes expected from this project.  
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5.1 Sensitivity analysis on gross margin for cattle 
Reducing the gross margin of weaners to $160 reduces the benefit cost ratio but it still 
is 2.3 to 1.  Other gross margin analyses are listed in Table 2 below. 
Table 2. Sensitivity analysis on the gross margin of cattle weaners 
Gross margin for a 
weaner Benefit cost ratio 
$145 2.1 
$160 2.3 
$175 2.4 
$190 2.6 
$205 2.7 
5.2 Sensitivity analysis on gross margin for sheep 
Reducing the gross margin of sheep to $18 reduces the benefit cost ratio but it still is 2.3 to 
1.  Other gross margin analyses are listed in Table 3 below. 
Table 3. Sensitivity analysis on the gross margin of sheep 
Gross margin for 
sheep Benefit cost ratio 
$18 2.30 
$20 2.35 
$22 2.41 
$24 2.46 
$26 2.52 
5.3 Sensitivity analysis on probability of success 
Reducing the probability of success to 15% reduces the benefit cost ratio but it still is positive 
at 1.4 to 1.  Other probability of success analyses are listed in Table 4 below. 
Table 4. Sensitivity analysis on probability of success 
Probability of success  
of the project Benefit cost ratio 
15% 1.5 
20% 1.9 
25% 2.4 
30% 2.9 
35% 3.4 
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6. Conclusions 
The benefit cost analysis of the southern rangeland resource management project, revealed 
the project to be a profitable investment.  Improved weaning rates for cattle and sheep, lower 
cow mortality and better strategies to cope with droughts, expected in one year in ten, due to 
grazing according to feed availability and improved pasture management ensure the project 
is expected to be a profitable investment. 
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RANGELANDS PRODUCTION 
BENEFIT COST ANALYSIS  
Project: Pilbara Heifer Breeder Management 
Economist: Peter Coyle 
Reviewer: Ross Kingwell 
Project Manager: Peter Smith Date: September 2006 
Summary of results over six years for the project 
Net present value Benefit cost ratio Project costs 
$400,000 2.4 $418,000 
1. Background  
Cattle production in the Pilbara has steadily replaced the sheep industry over the last fifty 
years.  The Pilbara has changed from having stations with thirty to forty thousand sheep to 
production from ten to thirty thousand cattle breeders per station.  There is a paucity of 
production data from this thriving cattle industry that has been developing strongly over the 
last thirty years.  This lack of cattle production data relates to the newness of the industry 
together with the rugged terrain, isolation and vast areas of each station.  This project is 
attempting to produce some base line data for the Pilbara cattle industry. 
2. Derivation of costs 
The project is planned to run over six years.  Funds from the Department of Agriculture and 
Food WA and Meat and Livestock Australia are being used for the project.  The funds from 
MLA have been determined and it was estimated that the DAFWA contribution (mainly cattle 
Development Officer Peter Smith, Karratha) would be $30,000 pa over the life of the project. 
Table 1. Pilbara Heifer Breeder Management Project Costs 
 MLA funding DAFWA contribution Total 
2004/05 $30,000 $30,000 $60,000 
2005/06 $43,000 $30,000 $73,000 
2006/07 $58,000 $30,000 $88,000 
2007/08 $31,000 $30,000 $61,000 
2008/09 $31,000 $30,000 $61,000 
2009/10 $45,000 $30,000 $75,000 
   $148,000 
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3. Derivation of benefits 
The objectives of the project relate to the better management of the heifer portion of the 
breeding herd.  If heifers were separated from the breeding herd there would be a number of 
benefits.  When they run with the cows there is less knowledge about their breeding, their 
nutrition and their general welfare.  By having the heifers separated, management can be 
more aware of any issue earlier which would allow quicker remedial action and less losses 
and better future production would occur.  These benefits are outlined below. 
a) Increased weaning from heifers.  It was assumed that the present overall average 
weaning rate was 50% for the Pilbara herd from the heifers.  Data is being collected as 
part of the project from a number of monitored herds.  The project assumes that this 
weaning rate could be lifted to 65% with better management of the heifer herd. 
b) Reduced mortality from the heifers.  It was assumed that the heifer mortality rate 
could be reduced from 12% to 5% with improved care and attention. 
c) Improved future calving over the life of the heifer.  It was assumed that one extra 
calf would be produced from the heifer over her lifetime if she was subject to better 
care as a heifer. 
4. Key assumptions 
a) It was assumed that half the benefits of the project would be attributed to the 
pastoralists and the other half of the benefits would be attributable to the project. 
b) Secondly it was assumed that there was a 15% probability of success of achieving the 
potential within the six years of the project.  A range of probabilities of success, from 
10% success to 25% success were calculated. 
c) Thirdly it was assumed that the gross margin from the weaners produced was $175 
each.  The benefits from a range of gross margins were also calculated. 
5. Results 
The project is likely to produce positive results based on the assumptions outlined above.  
The baseline assumptions of 50% attribution to the project, 15% probability of success and a 
gross margin of $175 for weaners produce a benefit cost ratio of 2.4 to 1 with a net present 
value of $400,000.  A net present value of $400,000 to the industry is significant for a project 
this size.  There is no consideration of further benefits accruing to the industry in the years 
after the project.  It is likely that further work in this area would be able to build on the 
successes expected from this project.  
5.1 Sensitivity analysis on gross margin 
Reducing the gross margin of weaners to $150 reduces the benefit cost ratio but it still is 2 to 
1.  Other gross margin analyses are listed in Table 2 below. 
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Table 2. Sensitivity analysis on the gross margin of weaners 
Gross margin for  
a weaner Benefit cost ratio 
$150 2.0 
$175 2.4 
$200 2.7 
$225 3.1 
5.2 Sensitivity analysis on probability of success 
Reducing the probability of success to 10% reduces the benefit cost ratio but it still is positive 
at 1.6 to 1.  Other probability of success analyses are listed in Table 3 below. 
Table 3. Sensitivity analysis on probability of success 
Probability of success 
of the project Benefit cost ratio 
10% 1.6 
15% 2.4 
20% 3.2 
25% 4.0 
6. Conclusions 
The benefit cost analysis of the heifer management project, revealed the project to be a 
profitable investment.  The scope of the benefit cost analysis related to increased production 
from the heifer portion of the Pilbara cattle herd.  Significant gains were expected from better 
weaning from the heifers, increased from 50% to 65%, reduced mortality from the heifers 
down from 12% to 5% and gaining an extra calf from each surviving heifer over her life. 
The sensitivity analysis revealed that with a reduction of the gross margin of weaners the 
profitability of the investment remained positive.  Also a lowering of the probability of success 
from 15% to 10% did not make the project unprofitable. 
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RANGELANDS PRODUCTION 
BENEFIT COST ANALYSIS  
Project: Kimberley Supplement Project 
Economist: Peter Coyle 
Reviewer: Ross Kingwell 
Project Manager: Michael Jeffery Date: November 2006 
Summary of results for the project 
Net present value Benefit cost ratio Project costs 
$620,000 4.2 $205,000 
1. Background  
The pastoral industry commenced in the Kimberley in about the 1880s with sheep when John 
(and Alexander) Forrest and other settlers established themselves on the lower reaches of 
the Fitzroy, Meda and Lennard Rivers in the West Kimberley.  Cattlemen from Victoria, 
Queensland and New South Wales including Charles MacDonald, Osmond, Panton and the 
Durack family arrived in the East Kimberley to start the cattle industry in the north of WA 
(Kerr, 1967, p43). 
By the 1960s the Kimberley cattle herd had reached 549,000 as well as 170,000 sheep (ibid., 
pps 81 & 82).  The herd today is approximately 590,000 breeders and sheep have 
disappeared from the Kimberley rangeland.  Continued developments in the cattle industry 
will allow the number of breeders to further increase.  The supply of a variety of protein, 
energy and mineral nutritional supplements is an area of the Kimberley cattle industry where 
a large potential for improvement exists.  These supplements allow cattle to survive in better 
condition during the difficult months of the year by enabling cattle to better utilise the 
available feed than is possible without the supply of supplements. 
The objective of this project is to provide station managers with better information on the 
supply of these supplements to continue to allow the industry to continue to grow and 
prosper.  There are three areas where the industry can improve on which this analysis 
focuses.  Firstly, improvements in reproductive performance through cow and calf survival 
will mean the weaning rate of the herd could be lifted significantly.  Secondly the average 
weight of weaners turned off at a comparable time could be increased by about ten kg per 
head.  Finally there is the potential to turn off cull for age cows as a marketable commodity 
rather than having them die on the range after they have past their best breeding years. 
This analysis covers the period from the commencement of the project in 2007/08 and the 
following four years. 
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2. Derivation of costs 
Table 1. Kimberley beef supplementation project costs 
 DAFWA funding Total 
2007/08 $105,000 $105,000 
2008/09 $50,000 $50,000 
2009/10 $50,000 $50,000 
2010/11 0 0 
2011/12 0 0 
Total $205,000 $205,000 
3. Derivation of benefits 
a) Increased weaning from heifers.  It was assumed that the present overall average 
weaning rate was 55% for the Kimberley herd.  Data is being collected as part of other 
projects from a number of monitored herds.  The project assumes that this weaning 
rate could be lifted to 75% with a more effective use of the supplements supplied to the 
herd. 
b) Increased turn-off weight from the livestock sold (e.g. weaners at 205 kg 
increased to 215 kg at the same time of turn-off).  Extra weight on weaners (or other 
marketable cattle) from the same amount of time on the range will increase income 
from those cattle sold.  Improved supplement usage related to the available vegetation 
has the potential to improve turn-off weights within the same time and increase station 
profit. 
c) Finishing and selling cull for age cows rather than allowing them to die on the 
range.  Aged breeders can be converted to saleable stock with feed, supplements and 
changes in management.  Presently there is not an encouraging price for cull for age 
breeders and consequently station managers leave the cows on the range well past 
their profitable productive performance.  This project will demonstrate that aged cows 
removed from the bulls will be able to put on approximately 200 kg of weight through 
the judicious use of supplements and available feed.  The feed may need to be 
supplied in concentrated form rather than rangeland vegetation that declines 
significantly in value in time after the summer rains. 
4. Key assumptions 
a) It was assumed that half the benefits of the project would be attributed to the 
pastoralists and the other half of the benefits would be attributable to the project. 
b) Secondly it was assumed that there was a 10% probability of success of achieving the 
potential within five years including the three year project.  This is equivalent to an 
adoption rate.  A range of probabilities of success, from 5% success to 25% success 
was calculated. 
c) Thirdly it was assumed that the gross margin from the weaners produced was $175 
each.  The benefits from a range of gross margins were also calculated. 
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d) It was assumed that aged cows, at ten years, without a calf at foot could be finished to 
400 kg after being removed from the bulls with feed and supplements gaining a net 
profit for the station of approximately $200 per cow.  This process would replace the 
aged cows at 200 kg being left to die on the range.  The assumed price received would 
be $1.20/kg live weight (April 2006 price Farm Weekly 19 October 2006).  The April 
price was taken as a time that may be suitable for the sale of cows and it was in the 
middle of the price range over the year. 
e) Fifthly it was assumed that weaners could be turned off at the same time at a heavier 
live body weight, by ten kg, netting an extra $20 per head. 
f) A discount rate of 6% was used for this analysis. 
5. Results 
The project is likely to produce positive results based on the assumptions outlined above.  
The baseline assumptions of 50% attribution to the project, 10% probability of success, 
selling cull for age breeders for a profit of $200, gaining an extra ten kg of weight on weaners 
at $2 per kg live weight and a gross margin of $175 for weaners produce a benefit cost ratio 
of 4.2 to 1 with a net present value of $624,000.  A net present value of $600,000 to the 
industry is very significant for a project this size over the five year time frame.  There is no 
consideration of further benefits accruing to the industry in the years after the project.  It is 
likely that further work in this area would be able to build on the successes expected from 
this project.  
5.1 Sensitivity analysis on gross margin 
Reducing the gross margin of weaners to $150 reduces the benefit cost ratio but it still 
is 4.1 to 1.  Other gross margin analyses for weaners are listed in Table 2 below. 
Table 2. Sensitivity analysis on the gross margin of weaners 
Gross margin 
for a weaner Benefit cost ratio 
$150 4.1 
$175 4.2 
$200 4.2 
$225 4.3 
5.2 Sensitivity analysis on probability of success 
Reducing the probability of success to 5% reduces the benefit cost ratio but it still is positive 
at 2.1 to 1.  Other probability of success analyses are listed in Table 3 below. 
Table 3. Sensitivity analysis on probability of success 
Probability of success 
of the project Benefit cost ratio 
5% 2.1 
10% 4.2 
15% 6.3 
20% 8.3 
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5.3 Sensitivity analysis on the profit from the cull for age cow sales 
Profit from the cull for age cows supplies about 42% of the project’s benefit.  Even with a 
small profit of $50 the project is estimated to return a BCR of 2.8 to 1.  The BCR increases to 
4.6 to 1 with a profit of $250 from the cull for age cow (see Table 4 below). 
Table 4. Sensitivity analysis on profitability of sale of cull for age cows 
Profit from sale of cull
for age cows Benefit cost ratio 
$50 2.8 
$100 3.3 
$150 3.7 
$200 4.2 
$250 4.6 
6. Conclusions 
The benefit cost analysis of the supplementation project, revealed the project to be a 
profitable investment.  The scope of the benefit cost analysis related to three areas of 
increased production.  Significant gains were expected from better weaning from the 
breeders, increased from 55% to 75%, better weaning weights of ten kg per weaner and 
gaining a saleable product from the cull for age cows at ten years. 
The sensitivity analysis revealed that with a reduction of the gross margin of weaners the 
profitability of the investment remained positive.  Also a lowering of the probability of success 
from 10% to 5% still had the project showing extremely profitable results. 
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Addendum 
Some wildlife seen during the Kimberley inspection, August 2006. 
 
Black-headed python at Liveringa Station. 
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HORTICULTURE INDUSTRY DEVELOPMENT 
BENEFIT COST ANALYSIS 
Project: Premium Wine Production 
Consultant: Manju Radhakrishnan 
Reviewer: Nazrul Islam 
Project Manager: Glynn Ward Date: July 2007 
Summary of results 
Farm sector Total industry 
NPV(M) BCR IRR (%) NPV(M) BCR IRR (%) 
$8.2 2.8 19 $98.8 14.9 56 
1. Background 
The Western Australian wine industry is a significant contributor to the national wine industry.  
Its share in the volume and value of the nation wide production were 5 and 12% respectively 
(ABARE 2006).  The industry is recognised as dynamic, producing high quality premium 
wines and offering value for money. (Western Australian Wine Industry, 2002).  The industry 
focuses on cool climate viticulture.  
Competition from other sectors for the scarce natural resources in the midst of drastic 
climatic change is drawing the sustainability of the industry under concern.  Under these 
circumstances, the wine grape producers look for investing their available resources in the 
most ideal projects to maximise returns.  
Even though quality grapes fetch a high price, the domestic industry is not responsive 
enough to adjust the supply in accordance with the demand shifts, partly due to the high 
production costs.  The industry will adjust the supply of quality grapes and wine through a 
mix of short, medium and longer term strategies, which include: 
1. Implementing better practices in existing vineyards of varieties in demand. 
2. Reworking or replanting current vineyards to preferred varieties and clones. 
3. Establishing new plantings of preferred varieties and clones or relocating to better 
sites. 
On the demand side, the premium sector of the market has grown rapidly over the last five 
years on a global level.  Increasing per capita income and cultural flexibility of Asian 
countries especially due to the multinational investments are expected to enhance this trend 
in future.  Traditional wine producing countries in the world are trying to exploit the situation 
by increasing the investment in this segment and understanding the tremendous market 
potential.  Tough competition is likely in future years as a result of abundant supply of quality 
wines at cheaper prices.  High production costs make it difficult for the Western Australian 
wine industry to supply the product at a competitive price.  Hence it is important for the WA 
wine industry to utilise its existing resources to the optimum level to improve the quality and  
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diversity of the product through research and varietal and clonal innovation, so that the 
industry develops a sustainable capacity to supply and compete both in domestic and 
international markets and also go along with the global trend of ‘drink less, drink better’.  
2. Project history 
Wine grape research undertaken by the Department of Agriculture and Food, Western 
Australia is planned with input from industry through the Wine Industry Association of WA 
(WIAWA). 
The major aim of the project is to assist the wine industry to adopt best practice sustainable 
production systems, understand the market for wine grapes and wine, to enhance its 
capacity to meet market specification and to increase profitability and long term sustainability 
while contributing strongly to the State’s economic development, particularly in the regional 
centres.  The primary objectives of the project include: 
● Improve grape and wine quality through research and extension. 
● Improve water use efficiency and collection in vineyards. 
● Better soil and cover crop management for yield and quality improvement. 
● Improve understanding of effect of smoke on grapes and wine to better manage impact 
of smoke and other external factors on wine quality.  
● Improve understanding and management of key pests and diseases to maintain grape 
quality and production and minimize inputs and costs. 
● Transfer of technology to the industry by adopting appropriate extension measures. 
● Improvement in vine quality by disseminating information on clonal selections and 
rootstock and by supporting the WA Vine Improvement Association to facilitate the 
planting of best suited varieties. 
 (Source:  Premium Wine Project log frame.) 
The more specific aim of the project is to help WA wine industry to improve the structure and 
costs of wine grape production by increasing the share of premium-quality11 wine grape 
production at a reduced level of input costs. 
3. Derivation of costs 
Two types of costs are identified in the benefit cost analysis.  One is the research project 
cost and the other is the research induced changes in the wine grape production costs.  The 
derivation of the latter cost type is mentioned in section 4 below. 
The costs associated with the research activity including salary, operating expenses and 
capital were identified from consolidated fund allocation records for the project and by 
discussion with the project manager about external funding and DAFWA support.  As these 
costs include the cost of existing resources, such as administrative support from DAFWA 
staff, separate costs are not added for the same.  Future costs for the project life are 
estimated based on the discounted annualised value of the present cost.  A discount rate of 
6% is used to calculate the project cost in present values. 
                                                
11 In the rest of the report the term ‘differentiated’ is used synonymously with ‘premium-quality’.  
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4. Derivation of benefits 
In discussion with the Project Manager, the project benefits are grouped under two headings. 
1. A shift in the percentage of ‘differentiated’ wine grape production due to improvement 
in quality.  A shift in the production ratio between differentiated and commodity wine 
grapes from 30:70 to 70:30 is expected due to the adoption of the research.  
2. A decrease in differentiated wine grape production cost due to the adoption of better 
management practices.  An average reduction of 20% is expected in the cost of 
production of differentiated wine grapes.  But to account for unforeseen factors, a 
reduction of only 10% is assumed in the calculations.  
4.1 Calculation of benefits 
The project benefits due to the decrease in costs are considered to be restricted at the farm 
level, but the benefits due to the shift in production from commodity to differentiated wine are 
considered to have spill over effects in the post-farm sectors such as winery, wholesale, 
retail, and export (Interstate and overseas) sectors.  Conventionally, post-farm or economy 
wide effects are not taken into account in the BC analysis of agricultural research and 
development (R&D) projects.  The reason behind this is the lack of appropriate analytical 
tools to measure such effects.  In this BC analysis, both the farm level and the total industry 
level (farm and post farm) benefits and costs are identified and taken into account separately 
by applying the WA wine industry value chain model12.  Benefits and costs after research 
were computed by simulation of the model with expected changes in wine grape production 
patterns (i.e. the ratio between differentiated and commodity grapes production) and in the 
cost of differentiated wine grape production. 
The total operational costs for intermediate agencies such as wholesaler, retailer and 
exporters are measured on cost per bottle basis.  It is independent of the selling price of 
wine.  So this cost will remain constant irrespective of the total value of wine sold by them.  
Hence if more premium wine is handled, the total value of wine will increase, without 
affecting the operational cost/bottle, thereby improving the profit margin.  Similarly, in the 
winery sector, the wine making cost for differentiated wine is high compared to that of 
commodity wine.  But the difference in costs of production is not as high as the difference in 
revenue.  Hence profit will increase in this case as well.  This could be the reason for the 
comparatively high benefit in the post farm sector due to the shift in production towards 
differentiated wine. 
At the farm level, the changes in benefits and costs are calculated by taking the differences 
in revenues due to the shift in production and of costs due to the adoption of improved 
management practices.  The estimated revenues and costs are presented in Table 1.  It 
reveals that the total farm level benefits increase by $37 million and the cost by $3 million.  
                                                
12 The WA wine industry value chain model measures the value added contribution of each sector 
involved in production, processing and retailing activities.  For details about the value chain model 
features see Islam (1997).  For details about the wine industry value chain model, the author can 
be contacted. 
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Table 1. Calculation of benefit at farm level 
Before 
research 
After 
research Change Sectors 
Revenue ($m) Cost ($m) Revenue ($m) Cost ($m) Revenue ($m) Cost ($m)
Differentiated wine grape 
production 47 21 109 44 62 23 
Commodity wine grape 
production 44 32 19 12 -25 -20 
Total farm 91 53 128 56 37 3 
Similarly, the differences in revenues and costs are calculated for the wine industry as a 
whole by taking account of the farm as well as the post-farm sectors in the model.  
In Table 2, estimates of the revenues and costs for farm and post farm sectors as well as for 
the total industry are presented separately.  The total industry revenue and cost increases by 
$688 and $403 million respectively producing a net revenue gain of $285 million for the 
industry.  
Table 2. Calculation of benefits at both farm and non farm level 
Before research After research Change 
Sectors 
Revenue ($M) Cost ($M) Revenue ($M) Cost ($M) Revenue ($M) Cost ($M) 
Net benefit
($M) 
Farm level 91 53 128 56 37 3 34 
Post farm level 1,552 1,358 2,203 1,758 651 400 251 
Total industry 1,643 1,411 2,331 1,814 688 403 285 
It is interesting to note that the net revenue gain due to spill over effects is almost 7 times 
higher than the net gains at the farm (vineyard) level.  The post farm sector is gaining a net 
benefit of about $250M compared to $34M at the farm level.  A comparison of net revenue is 
illustrated in Figure 1. 
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Figure 1. Comparative increase in net revenue. 
The above estimates of revenues and costs for the wine industry are used for the Benefit 
Cost analysis of this R&D project. 
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5. Explanation of assumptions 
For the purpose of this analysis some assumptions are made about the impact and outcome 
of the project.  These assumptions were developed in discussions with the project manager.  
The key assumptions are presented in Table 3. 
Table 3. Key assumptions 
Term of analysis 21 yrs 
Year in which project begins 1999 
Year in which research and extension ends 2015 
Year in which adoption begins 2005 
Year in which adoption ends 2020 
Year of peak adoption 2015 
Proportion of benefits attributed to this research activity 30% 
Percentage of farmers adopting the innovation in the long run 70% 
Probability of success 50% 
Discount rate 6% 
Total research cost $12.18M 
Percentage contribution of differentiated wine before adoption 30% 
Percentage contribution of differentiated wine after adoption 70% 
Reduction in cost of production of differentiated wine grapes due to adoption 10% 
● Term of analysis refers to the period between the year of commencement of the project 
and the year in which benefits of the project end. 
● The current Premium Wine project is assumed to begin in 1999.  DAFWA’s Wine 
project has had a major role in the development of the wine industry since the late 
1950s/early 1960s when the potential of the cooler climate regions of the State’s South 
West were identified.  Since then the project in its various forms has been a major 
driver in the introduction and regional evaluation of many of the premium wine grape 
varieties and clones, and improvements in viticultural and wine making practices for 
premium wine production upon which the industry is based.  Further segmentation of 
the global wine market on quality and price since the early 2000s resulted in the project 
refocusing on ‘differentiated’ grape and wine production. 
● Farmers are expected to adopt the innovation, as soon as the new practices are 
released.  Under this process of continuous adoption we assume that industry began to 
adopt innovations from the current project in 2005.  
● By 2020, new technology is expected to take the place of the current techniques and 
management practices.  
● Maximum adoption is expected to occur in 2015. 
● Differentiated wine grape production demands cool climate and at present 85% of the 
area of cultivation is suitable for differentiated wine production.  The number of cool 
climate wine grape growers taking up the innovation in the long run is expected to be 
almost 90% leading to a 70% adoption for the State. 
● Although there is an even higher expectation about the probability of success, to keep 
a more realistic figure, 50% is adopted. 
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● Proportion of benefits attributed to this activity refers to the percentage of benefits 
exclusively coming from the adoption of the project results.  This is expected to be 
relatively high at 50%.  There are many other innovators and research providers in the 
wine industry which contribute to the total benefit. 
● Both benefits and costs were discounted at 6% discount rate to calculate the present 
value of benefits and costs.  This discount rate is chosen, taking the present rates of 
inflation and interest into consideration. 
● Total cost of research is the cost associated with salaries, operating expenses and 
capital expenses for research and extension activities for the whole 21 years. 
● The aim of the project is to attain at least a reduction of 20% of the 2005/06 level of 
cost of differentiated wine grape production.  However in the analysis a 10% reduction 
is used in order to account for any unforeseen factors. 
● At present (before adoption began in 2005), the share distribution between the 
production of grapes for differentiated and commodity wine is 30 and 70% respectively.  
This ratio is expected to be reversed after the research. 
● Area of production is assumed to be constant throughout the analysis period. 
5.1 Other assumptions 
The following price and cost assumptions are made for the period considered in the analysis: 
● Prices of both differentiated and commodity wine in domestic, Eastern States and 
overseas markets are assumed to be constant at 2005/06 level.  
● The relative proportion of the flow of both differentiated and commodity wine in 
domestic, eastern States and overseas markets are assumed to be constant. 
● Operational costs for intermediate agencies are assumed to be constant. 
● Prices received by growers for both differentiated and commodity wine grape are 
assumed to be constant. 
6. Results 
On the basis of the above assumptions and available data on benefits and costs, investment 
evaluation measures of Benefit Cost (B-C) ratio, net present value (NPV) and internal rate of 
return (IRR) are calculated.  The results are presented in Table 4. 
Table 4. Result of benefit cost analysis 
Measure Farm level Farm as well as post farm level 
Total revenue before research ($M) 91 1,553 
Total revenue after research ($M) 128 2,202 
Total cost before research ($M) 53 1,357 
Total cost after research ($M) 56 1,757 
Change in revenue ($M) 37 649 
Change in cost ($M) 3  399 
Present value of benefits ($M) 12.7 105.9 
Present value of costs ($M) 4.5 7.1 
B:C ratio 2.8 14.9 
NPV ($M) 8.2 98.8 
IRR (%) 19 56 
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Table 4 reveals that the value of benefits per dollar of R&D investment is $2.8 at farm level.  
This benefit significantly increases to $14.9 when total industry spill over effects are taken 
into account.  The NPV of the project is $8.2M at farm level and $98.8 for the industry as a 
whole.  This NPV will become zero if a discount rate of 19% is adopted at farm level and 
56% for total benefit calculations as indicated by the value of IRR. 
The high values of the project appraisal measures for the industry as a whole as compared 
to those for the farm level, indicates the strong value adding potential that the industry may 
generate after the adoption of new innovations.  More importantly, the returns to agricultural 
R&D investment will be underestimated if benefits beyond the farm gate are not taken into 
account. 
7. Sensitivity analysis 
The above results are expected at an adoption rate of 70%.  However the adoption rate may 
vary in real situations.  The risk of a drastic/ moderate reduction in adoption rate is analysed 
and results are presented in Table 5. 
Table 5. Sensitivity of adoption rate 
Adoption rate in % 
Measures of Project 
worth 30 40 50 60 
70 
(expected 
level) 
80 
B:C ratio 1.21 1.6 2 2.4 2.8 3.2 
NPV ($M) 0.94 2.7 4.5 6.4 8.2 10 
Fa
rm
 
IRR (%) 8 12 15 17 19 21 
B:C ratio 6.4 8.5 10.7 12.8 14.9 17.1 
NPV ($M) 38.3 53.4 68.5 83.7 98.8 113.9 
In
du
st
ry
 
le
ve
l 
IRR (%) 39 45 49 53 56 59 
Even though a 10% difference in adoption rate will make a significant change in the 
measures of project worth, the project is expected to generate good returns, even if the 
adoption rate is as low as 30%. 
Shifts in production pattern are another important factor which considerably influences the 
returns on investment.  A sensitivity analysis of an unexpected production shift on investment 
appraisal measures is presented in Table 6. 
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Table 6. Sensitivity of proportion of differentiated wine on investment measures 
Both farm and non farm level Farm level Proportion of 
differentiated and 
commodity wine B:C 
NPV 
($M) IRR (%) B:C 
NPV 
($M) IRR (%) 
40:60 3.9 20.9 30 1.1 0.16 6 
50:50 7.6 46.8 42 1.63 2.8 12 
60:40 11.3 72.8 50 2.23 5.5 16 
70:30 (expected level) 14.9 98.8 56 2.8 8.2 19 
80:20 18.6 124.6 61 3.4 10.8 22 
The results indicate that the investment is worth enough to give a return of $3.90 per dollar 
invested for the total industry and $1.1 for the farmers level, even if there is a only a 10% 
shift in the proportion of differentiated wine from the current proportions. 
8. Break even analysis 
The adoption rate and shifts in production proportion are identified as the most sensitive 
aspects affecting the project.  Hence a break even analysis was done on these 
characteristics to identify the minimum requirement for the project to cover the investment 
costs and the results are presented in Table 7.  
Table 7. Break even analyses 
Minimum requirement 
Measures 
Farm level Total industry level
B:C Most likely situation 
Contribution of differentiated wine 40% 32% 1:1 70% 
Adoption rate 29% 5% 1:1 70% 
The present ratio of production between differentiated and commodity wine grapes in 30:70.  
For the project to recover the investment at the farm level, the ratio of differentiated wine 
grape needs to be increased to at least 40:60.  For the project to break even at the total 
industry level, the proportion of differentiated wine need only increase to 32 (from 30).  The 
minimum required adoption rates are 29% and 5% at the farm and industry level 
respectively, for the project to recover the investment.  The above results suggest that the 
project will be able to give benefit to the economy even with a small shift towards the 
differentiated wine grape production, especially at the total industry level. 
9. Discussion and conclusions 
The measures of project worth calculated at farm and total industry level indicated the 
profitability of investment in the Premium Wine Production project.  One dollar invested in the 
project will generate an income of $14 for the industry as a whole if 70% of the farmers adopt 
the innovation.  The proportionately high increase in the benefits for the whole industry, 
compared to the farm level, highlights the strong potential for spill over effects from R&D 
investment on premium-quality wine grape production. 
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The proportionately high benefit in the post farm sector which is usually beyond the scope of 
Benefit Cost analysis underlines the high value adding potential of the industry.  The 
sustainability issues associated with the adoption of environmental friendly technology have 
to be considered as important as the economic profitability of the investment.  These are 
however beyond the scope of this analysis and not quantifiable in monetary terms at this 
stage. 
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HORTICULTURE INDUSTRY DEVELOPMENT 
BENEFIT COST ANALYSIS 
Project: Variety development for the Western Australian strawberry 
industry  
Consultant: Paul Mattingley 
Reviewer: Peter Coyle 
Project Manager: Dennis Phillips Date: 2 July 2007 
Summary of results 
Net present value Benefit cost ratio Project costs 
$5.48M 9.65 $0.63M 
1. Background 
Western Australia’s strawberry production is based in the south west of the State.  Some 
80% of production occurs in and around the Perth where strawberries are grown during the 
cooler autumn, winter and spring months.  The summer period is too hot for strawberry 
production in Perth, the Albany region, with its relatively mild summer and long daylight 
hours, produces 20% of the annual crop during this period.  Strawberry production is very 
labour intensive with one hectare requiring over 7,000 hours of labour time during a 6-8 
month growing period.  Accordingly growers traditionally manage small areas of 1-4 ha.  
Vietnamese growers are the largest group growing strawberries in the metropolitan area 
often using a network of extended family and friends to provide labour for their operation.  
Strawberry growers often lease land on an annual basis from older traditional market 
gardeners who are moving out of the industry.  There is some discussion as to the actual 
size of the strawberry industry.  ABS statistics for production are shown in Table 1. 
Table 1. WA strawberry production 
Year 1997/98 1998/99 1999/2000 2000/01 2001/02 2002/03 2003/04 2004/05 
Value $ 8,398,044 19,196,186 13,934,721 12,362,506 16,839,694 14,441,855 17,842,983 16,835,040 
Tonnes 1,634 3,165 3,398 2,390 3,635 3,016 3,337 3,461 
Source:  ABS. 
In 2005/06, the Agriculture Produce Commission in WA collected its fee for service on an 
equivalent of 6,492 tonnes; the compliance rate cannot be reliably estimated however this 
does show that the ABS statistics understate actual production.  A figure of 9,440 tonnes for 
production is supported by the sales of runners which are used as material to produce 
strawberries.  There is one supplier of runners in WA and the figures provided by that 
producer and shown in Table 2 can be considered as accurate.  The yield of strawberries per 
plant has increased over time and is now estimated that one Camarosa plant produces 3.5 
punnets (less for other varieties) with each punnet worth approx $1.25.  With 11,257,300 
runners sold in 2006 the farm gate value of the industry would be approx $47.2M based on 
9,440 tonnes.  
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Table 2. Runner sales (‘000s) in WA 
Variety 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 
Albion          150.05
Pajaro Winter 1686 1797 12245 159 13.5 171.5 1.25 1 2.25 1.25
Pajaro Summer 1284 1770 13905 573 558 469  0   
Chandler Winter 1848 2286 1788 739 333.5 308 240.45 67.4 36.5 2.5 
Chandler Summer 90   55    0   
Selva Winter 869 923.5 568 1001 1062 800 138 507.7 483.8 230.5 
Selva Summer 2  53 92 55   0   
Camarosa Winter  0 712 3752 4595 6372.5 8009 8981 9445 89945 
Camarosa Summer   28.5 117 171.5 160 49 122   
Yael   147 185 75 84.5 0 0   
Malah   576.25 846.5 730 289 1 0   
Gaviota Winter       542.75 795.55 410.25 435.25
Gaviota Summer       4 52.5   
Diamante Winter       749.01 490 372.5 199.8 
Diamante Summer       2 0   
Aromas Winter       85 49.7 133 242.75
Aromas Summer       2 0   
Ventana Winter        4.7 191.25 571.5 
Camino Real        9.9 117.25 383.95
Festival        0 34 30.3 
Kiewa        100.5 25 5.3 
Others Winter 281.75 378.92 66  26.5 243.67 4.6 7.6 7.1 9.9 
Others Summer 20.5 6 0  13.5      
Total 6081.65 7161.92 6554.35 7520 7634 8898.17 9828.26 11189.85 11258.45 11257.3 
The benefit cost analysis is based on strawberry production figures derived from runner sales 
rather than the ABS statistics.  
Strawberry exports from WA have weathered the storm of competition and the high value of 
the Australian dollar, because WA has a unique position globally of having abundant supplies 
of high quality fruit in October and November.  Only South Africa can currently match the 
supply window and their quality is inferior. 
1.2 Project objectives 
Strawberry Cultivar Improvement (SCI) is a component of DAFWA’s Strawberry Industry 
Development project.  The Australian industry has traditionally been dominated by cultivars 
bred by the University of California (UC) and sold in Australia under licence with royalties 
payable to UC.  The Australian industry has over the past two decades focused on 
developing its own varieties.  
Since 1992 the Strawberry project has conducted regional evaluation of new selections from 
the Queensland Department of Primary Industries (QDPI), Maroochydore as well as 
selections from the Victorian Department of Primary Industry’s strawberry breeding project 
and from other leading breeding programs around the world including the University of 
California. 
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The objective of SCI is to improve the quality, flavour and shelf life of strawberries exported 
from WA and for domestic consumption by identifying and commercialising new selections 
adapted to Western Australia conditions from Australian and international breeding 
programmes.  The selection of appropriate cultivars will help to give WA growers an edge in 
export and domestic markets.   
From 1992 to 1995 the SCI project conducted variety evaluation work at the Medina research 
station.  In 1995 it was decided to move the evaluations to growers’ properties as working 
more closely with growers would facilitate the faster uptake of promising varieties.  The 
project team run regular field days inviting growers to view the trials. 
2. Derivation of costs 
Project costs were obtained from the project proposal and final report documents submitted 
to Horticulture Australia Ltd (HAL).  These documents contained details of all project salary, 
capital and operating costs and funding arrangement between HAL, DAFWA and industry 
partners.  This information has been used in calculating costs and benefits.   
3. Derivation of benefits 
Without the Department’s involvement in the introduction of new varieties the process would 
be considerably slower.  The evaluation program has lead to the wide scale adoption of the 
Camarosa variety which dominates production in the Perth metropolitan area.  The analysis 
will focus on the benefits provided to the industry through the introduction of this variety and 
provide projections for future benefits derived from Camarosa and the introduction of the 
Albion variety in the future.  The Albion variety is gaining in popularity with 150,000 runners 
sold in 2006. 
The analysis is based on the assumption that the SCI project brought the rate of adoption of 
Camarosa forward by three years and it will have the same effect for the Albion variety. 
The introduction of the Camarosa variety has provided a number of benefits for the State: 
● Increased profitability for growers due to higher yields and better quality leading to 
slightly higher prices.   
● Increased production of strawberries resulting from increases in areas planted 
combined with greater intensity of production (yield/ha). 
● Increased production of strawberries has lead to increased profits for distributors, 
wholesalers, retailers and marketing agents involved in the supply of strawberries. 
● Development of an Interstate market for WA strawberries.  Strawberries from WA are 
sold Interstate during a four week period.  
● Development of an export market for WA strawberries, the reduced per unit cost has 
enabled WA to develop an export market for strawberries. 
● Reduced imports of strawberries from Interstate. 
The Albion variety is a better eating quality strawberry and will generate better prices than 
Camarosa.  For the purpose of this analysis it is assumed that the area grown of strawberries 
will not increase as a result of the introduction of Albion, instead Albion will provide a greater 
proportion of the varietal mix.  
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The analysis seeks to compare the benefits of growing the different varieties using 1999 as a 
base year.  Gross Margins for Chandler (1999 figures), Camarosa (2007 figures) and Albion 
(2007 figures) have been compared using revised input prices and returns.  The increases in 
yields, quality and price are not solely due to the new varieties.  Crop management has 
improved over the past eight years and 50% of the gross margin gains can be attributed to 
improvements in crop management and post harvest systems. 
Table 3. Gross margins for Chandler, Camarosa and Albion (1999) 
Expenditure – ha Chandler Camarosa Albion 
Land preparation 3,773 3,437 3,437 
Planting 23,000 25,346 25,346 
Irrigation/Fertigation 5,150  9,034 9,034 
Weed control 199 289 289 
Pest and disease control 3,004 2,427 2,427 
Labour – other 15,228 21,528 21,528 
Harvesting and marketing 51,470 115,515 115,515 
Income – ha    
Yield (saleable) t/ha 30 37.5 37.5 
Gross return $/ha 57,470 196,200 202,086 
Gross margin ($/ha) 7,176 18,624 24,510 
Benefit due to variety – 50% of gain  5,724 8,667 
The impact of varietal change on those enterprises involved in the supply of strawberries has 
been modelled using a value chain model.  The increased prices for Camarosa and Albion 
and increased throughput have generated additional profits for each component of the supply 
chain.  As with farm level benefits approx 50% of increased profits are due to improvements 
in crop management and post harvest systems leading to greater quantities of strawberries.  
Accordingly 50% of the supply chain profits can be attributed to the early introduction of new 
varieties.  
4. Key assumptions 
Investment appraisal parameters 
● Period of evaluation:  24 years. 
● Discount rate:  6%. 
● Percentage of improved industry profit levels attributed to the introduction of new 
varieties – 50%. 
● Attribution of benefits to the project – 70%. 
● Likelihood of success for Camarosa variety – 100%. 
● Likelihood of success for Albion variety – 70%. 
The project is not 100% responsible for project benefits as the enterprise selling runners to 
growers is a key player in the decision to propagate varieties for next season based on 
projected demand.  That said the decision making process on which varieties growers are 
likely to favour has been made much simpler by the SCI variety evaluation work.  
Returns to R&D Investment of DAFWA 
 
58 
5. Results 
Table 4. Full project BCA 
Net present value Benefit cost ratio Project costs 
$5.48M 9.65 $0.63M 
The results indicate the project has significant benefits for the WA strawberry industry.  A 
benefit/cost ratio of > 1 indicates that the project generates greater net benefits than costs.  A 
9.65 benefit cost ratio indicates that this project provides a significant return on investment 
for the WA strawberry industry.  
The net present value figure shows the discounted incremental benefit of this project 
(discounted benefits less discounted costs) over a 24 year period.  A strongly positive NPV 
indicates that there are net returns to the State from investing in this series of projects. 
If the BCA had only evaluated farm level benefits from the project then the following results 
would have been produced: 
Table 5. BCA for Farm level only benefits 
Net present value Benefit cost ratio Project costs 
$1.2M 2.90 $0.63M 
This demonstrates the importance of an industry wide approach to analysing horticultural 
crops which cannot be thought of as commodities, have high value adding opportunities. 
The BCA for the supply chain (post farm gate) provided the following results: 
Table 6. BCA for post farm gate only benefits  
 Benefit cost ratio Project costs 
$3.64M 6.75 $0.63M 
Sensitivity analysis 
An analysis has been carried out based solely on the introduction of Camarosa with no 
benefits from the new Albion variety.  If Camarosa was the only variety developed and the 
project costs remained the same then the following results would be obtained: 
Table 7. BCA evaluating the benefits of work on the Camarosa variety only 
Net present value Benefit cost ratio Project costs over 24 years 
$5.36M 9.46 $0.63M 
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Clearly the bulk of the investment return comes from the adoption of the Camarosa variety, if 
the SCI claimed a lower proportion of the attribution of the benefits then the project would 
return the following: 
Table 8. Sensitivity analysis of the impact of differing attribution levels 
Attribution Net present value ($m) Benefit cost ratio Project costs| over 24 years 
70% $5.48M 9.65 $0.63M 
60% $4.6M 8.27 $0.63M 
50% $3.73M 6.89 $0.63M 
40% $2.86M 5.51 $0.63M 
Even if the SCI project claims a much lower percentage of the benefits from introducing the 
new varieties the return on investment is still significant. 
6. Conclusion 
The varietal evaluation work provides benefits for the WA strawberry industry on domestic 
and export markets.  Without the project the adoption of new varieties would be considerably 
slower and the industry would have less confidence in investing.  The close working 
relationship developed with the industry, particularly the runner grower enabled the project 
team to effectively evaluate and then promote suitable varieties.   
The scope of the project, including varieties from around the world has enabled the selection 
and promotion of two varieties which were bred at the University of California but are very 
well adapted to Perth conditions. 
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HORTICULTURE PROGRAM 
BENEFIT COST ANALYSIS  
Project: National Action Plan for Salinity and Water Quality (NAP):  
Demonstrating sustainable farm management systems 
Economist: Francis Bright 
Reviewer: Peter Coyle 
Project Manager: Tara Slaven Date: June 2007 
Summary of results over ten years for the project 
 Net present value Benefit cost ratio NPV of project costs 
Stage 1 $415,506 1.2 $997,565 
Stage 1 and M2 $1,880,732 2.7 $997,565 
1. Background 
Irrigated horticulture is the mainstay of production in the Ord River Irrigation Area.  
Approximately 95% of the annual crops grown in the ORIA use a flood furrow irrigation 
system.  Although water is a comparatively cheap input for the production of cucurbits, hybrid 
seed and field crops, best management practice can improve the quality and quantity of 
tailwater, irrigation scheduling and wet season cover crop strategies.  Changes in these 
management strategies will prove sustainable and profitable in the longer term.   
The aim of this work is to illustrate different farming systems and identify best management 
practices that will minimise the impact on ground water, water quality and salinity in the Ord 
River Catchment whilst maintaining economic viability. 
2. Project costs 
The project is planned to run over four years.  Funds from the Department of Agriculture and 
Food, Western Australia and the NAP are being used for the project. 
Table 1. NAP BMP farm demonstration site 
 NAP funding DAFWA contribution (in kind) Total 
2005/06 $197,000 $128,000 $325,000 
2006/07 $159,500 $71,000 $230,500 
2007/08 $163,000 $96,000 $259,000 
2008/09 $166,500 $112,000 $278,500 
   $1,093,000 
The project start date was delayed by one year due to staff availability in Kununurra. 
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The mix of funding is salaries, operational expenses and capital items.  Included in the totals 
is scope for both economic analysis and expenditure on promoting and extending the ideas 
to growers in the existing Ord River Irrigation Area and in further land developments within 
the M2 segment of Stage 2. 
3. Derivation of benefits 
The benefit of a successful project accrues farmers managing the annual cropping program 
within the 12,000 hectares of the Stage 1 Area, as well as the Ord River Catchment 
downstream of the current area of cropping.  The Stage 2 development of the Ord River 
Irrigation Area could lead to an additional 16,000 hectares of cropping and the results of this 
project could be applied to flood furrow systems easily. 
There are both financial and environmental benefits if the project achieves its objectives and 
farmers adopt these new management regimes.  These benefits are: 
a) Less erosion leading to reduced sediment loads during wet season high intensity 
rainfall events. 
b) Reduced soil and nutrient loss from improved tail water quality from irrigation 
applications.  
c) Improved irrigation scheduling with less recharge of groundwater. 
d) Improved soil structure from wet season cover crop residues and the adoption of 
minimum tillage. 
e) Improved crop yields from improved soil structure. 
f) Reduced primary tillage requirements from adopting minimum tillage crop 
management. 
g) Reduced sediment loads in irrigation drains leading back to the Ord River. 
Whilst economic benefits can be estimated, environmental benefits such as reduced 
sediment in the Lower Ord Catchment are hard to estimate as little work has been done on 
the value of topsoil losses in tropical environments.  Often environmental impacts take a lot 
longer to become apparent and therefore may not be adequately estimated utilising a 
standard discounted cost benefit framework. 
4. Key assumptions 
It assumed that: 
  1. The timeframe for benefits is 10 years. 
  2. The probability of total project success is 40% and 100% of the benefit accrues. 
  3. The probability that the project fails to deliver any measurable benefits is 30%. 
  4. The probability of a partial success is 30% and it is expected that 50% of the potential 
benefits will be gained. 
  5. The value of one tonne of topsoil lost is $40 (based on a local DAFWA estimate from 
2003). 
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  6. The increase in gross margin per hectare from yield increases and improved quality of 
product is $200 per hectare per year.  There will be a range of crops that will be grown 
and some are high value crops such as rockmelons and some will have lower returns 
per hectare such as chickpeas or field crops (this will be further examined in the 
sensitivity section). 
  7. The cost to implement best management practice is $100 per hectare per year.  This 
figure includes management decisions, fertiliser changes, water savings from better 
irrigation scheduling. 
  8. Adoption of BMP starts in year three of the project and maximum adoption occurs in 
year 7. 
  9. Long term environmental benefits are not included. 
10. Stage 2 developments start in 2010 and areas of land using BMP for flood furrow 
irrigation delivery systems will start in 2011 and reach a maximum in 2015. 
11. Project costs include the costs of extending the results to growers, publication of 
results and regular field days through the life of the project. 
5. Results 
The project is likely to produce positive results based on the assumptions outlined above.  
The estimated Net Present Value (NPV) at 8% discount for only the areas in Stage 1 is 
$415,506 with a benefit cost ratio of 1.2.  Inclusion of an expansion into the Stage 2 area will 
increase the NPV to $1.9 million and increase the benefit cost ratio to 2.7.  
5.1 Sensitivity analysis on gross margin 
Reducing the gross margin of weaners to $150 reduces the benefit cost ratio but it still is 2 to 
1.  Other gross margin analyses are listed in Table 2 below. 
Table 2. Sensitivity analysis on the gross margin assuming annual cropping in Stage One only 
Gross margin change Benefit cost ratio 
$153 1.0 
$200 1.2 
$300 1.7 
Table 3. Sensitivity analysis on the gross margin assuming annual cropping in Stage One and 
Stage 2 M2 
Gross margin change Benefit cost ratio 
$78 1.0 
$140 1.9 
$200 2.7 
$260 3.5 
5.2 Discussion of results 
From the above tables it can be seen that there are potential benefits to the Ord River 
Catchment from undertaking this project.  Only the economic benefits have been included in 
the cost benefit analysis and the project indicators remain strong under a number of ‘what if’ 
scenarios.  In most cases the breakeven value of several parameters such as change in  
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gross margin needed is $153 per hectare is well within reality.  For example, this level of 
revenue is less than 10 boxes or rockmelons per hectare out of a total marketable yield of 
1100 cartons, or 10 tonnes of sugar cane out 130 tonnes of cane, or 80 kg of chickpeas out 
of 2.7 tonnes of yield.  Saving $153 of growing costs is equivalent to 1.25 hours of primary 
tillage. 
If it is assumed that the community prefers reduced environmental impacts from irrigated 
cropping then, based on this analysis the project indicators indicate that research and 
development of BMP in a tropical horticultural situation has the potential to deliver. 
The impact of increased areas of flood furrow cropping by the development of a further 
17,000 hectares of up to 12,000 hectares may utilise this irrigation system strengthens the 
project indicators and at the same time further reduces the breakeven values for gross 
margin change per hectare and loss of soil per hectare per year. 
Previous work undertaken by DAFWA indicates that the loss of soil from a bare fallow flood 
furrow irrigated crop amounts to 2.7 tonnes per hectare per year so the adoption of BMP will 
lead to savings in lost soil due to reduced sediment loads in tailwater. 
5. Conclusions 
The benefit cost analysis of this project indicates that BMP in flood furrow irrigation systems 
in the Ord River Irrigation Area can lead to economic savings and the potential of 
environmental benefits in the medium to longer term.  There is the potential for this 
information to be utilised in other irrigation areas and different irrigation delivery systems.  On 
this basis investment in this project has strategic benefits for sustainable farming systems in 
tropical horticultural areas in Australia. 
